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ABSTRACT 
RNA was extracted from 10 week post infection Fasciola hepatica. 
Poly A RNA was selected by ollgo.dT. cellulose column chromatography and 
used as a template for double stranded cDNA synthesis. The cDNA obtained 
was used to construct a library in the expression vector >vgtll. 
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On screening 1 x 10 recombinants with serum from a F. hepatica 
infected sheep, a reactive clone was isolated. DNA analysis showed the 
recombinant to contain a total F. hepatica component of 1 kb, present as two 
EcoRl fragments of 200 bp and 800 bp. Both these fragments were subcloned 
into Bluescript SK . Double stranded DNA sequencing showed the smaller 
fragment to consist mainly of a conserved 21 base pair repeat motif. 
Recombinant lysogens corresponding to the reactive clone were produced, 
allowing preparative amounts of the F. hepatica antigen to be isolated as a 
B-galactosidase fusion protein. Antisera raised against this fusion protein 
were tested by indirect immunofluorescence on F. hepatica sections. The 
cloned antigen was observed to be present in the juvenile tegument and the 
adult female reproductive tract. Anti fusion protein antisera were used to 
probe Western blots of fluke homogenates. Adult components of Mr 78, 65, 55 
and 51 kDa reacted with the antisera. In juvenile homogenates, reactive 
species of 56 and 39 kDa were observed. This developmental diversity was 
not observed when Northern blots of adult and juvenile F. hepatica RNA were 
hybridised to .a probe derived from the 200 bp EcoRl fragment. 
In a separate study a F. hepatica genomic DNA library was constructed 
in the cosmid vector pHC79. This library was screened using a probe 
corresponding to part of the 5' untranslated region of a Schistosoma mansoni 
eggshell precursor gene. Three reactive recombinants were obtained. 
Restriction enzyme analysis indicated that they were related. 
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CHAPTER 1 
INTRODUCTION 
An accurate estimate of the medical and economic burden Imposed by 
parasitic diseases worldwide Is probably Impossible to calculate but will 
be, by any standard of measurement, enormous. Parasites cause death and 
debilitating disease In humans and can reduce the productivity and fecundity 
of livestock to an extent that the agricultural and economic development of 
affected areas Is severely retarded. 
Walsh and Warren (1979) ranked the viral, bacterial, protozoal and 
helminthic diseases of Africa, Asia and Latin America on the basis of 
prevalence, mortality and morbidity. They estimated that in these regions 
the major helminth and protozoan parasites caused over 2 million deaths and 
200 million new cases of observable disease in humans each year. 
Subclinical parasitic Infections, while unreported, can cause subtle 
forms of malnutrition. As these infections are most common in the 
developing world the extra burden they Impose on the community can be 
devastating. Over half the cases of child malnutrition in these regions are 
not attributable primarily to lack of food but to the occurrence of 
Intestinal parasites, fever and infection (Grant 1982). 
The prevalence of parasitic disease is responsible in many areas for 
the inefficient use of arable land. According to Howard (1971), of the 
7.8 billion acres of potentially arable land worldwide, only 3.4 billion 
acres were at that time under cultivation. Much of the remaining 
4.4 billion acres could not be developed due to endemic malaria, 
trypanosomiasis, schistosomiasis and onchocerciasis. Even in temperate 
areas where human parasitic disease is less common, infection of livestock 
can cause considerable economic loss (Anderson 1989). 
Worldwide the situation is scarcely improving. Drug resistant strains 
of parasites and vectors continue to evolve while irrigation schemes provide 
ideal conditions for the transmission of schistosomiasis and malaria. 
The problem is compounded by lack of funding. In 1980 it was estimated 
that 209 research dollars were spent on each case of cancer in the United 
States while worldwide 0.04 dollars were spent on each case of 
schistosomiasis (Cook 1980). 
Attempts at eradication have always been delineated by the data 
available on the parasitic organism. It was not until mosquitoes were 
discovered to be the transmission vectors for Plasmodium spp. that effective 
malarial control measures (such as those that allowed construction of the 
Panama Canal) could be carried out (Harrison 1978). 
The recent development of recombinant DNA technology has profoundly 
affected the study of parasitism. Parasite antigens can now be studied 
using an adductive approach. Their expression during the parasite 
life-cycle and role in the biology of the parasite can now be precisely 
defined. The application of molecular biology has greatly increased 
knowledge of the biology underlying parasitic diseases such as malaria 
(Nussenweig and Nussenweig 1988) and trypanosomiasis (Turner 1988). 
Insights that this technology has provided into the biology of helminth 
parasites will be discussed later. 
Much of the parasitological research utilizing the techniques of 
molecular biology is orientated towards the development of anti-parasite 
vaccines. Vaccination in principle has several advantages over other 
methods of control (Mitchell 1984). Many of the current anti-parasite drugs 
are prohibitively expensive while agents used for vector control are 
frequently non-specific and the use of either can be environmentally 
damaging (Wall and Strong 1987). For drug therapy to be effective, 
retreatment must be performed on a regular basis, necessitating the 
maintenance of an expensive infrastructure (Butterworth 1988). No 
infectious disease has been adequately controlled by drug delivery alone. 
An example is malaria. Despite major eradication programmes based on 
chemotherapy and vector elimination, worldwide the disease is increasing in 
prevalence, due mainly to the evolution of drug resistant parasite strains 
(Nussenweig and Nussenweig 1988). 
Vaccines against viral pathogens have been available for many years. 
Strategies for producing anti-viral vaccines have included the development 
of live attenuated strains obtained by passing the virus through multiple 
cycles of tissue culture; eg Schwartz measles vaccine (Morgan and Rapp 1977) 
or inoculation using heat inactivated virus (Bloom 1989). 
However, analogous whole organism vaccines are not practically 
applicable to parasitic diseases due to the difficulty and expense of 
obtaining sufficient parasites (Sher 1988). Experimental studies such as 
the use of gamma irradiated schistosomula (Bickle et al 1979) and cercariae 
(Taylor and Bickle 1986) of Schistosoma mansoni to vaccinate mice have 
served to underline the potential of this strategy if sufficient material 
were to become available. 
The potential for anti-parasite vaccine development relies on the 
production of recombinant sub-unit vaccines (Maddox 1986). These are 
prepared from individual defined components of a pathogen and have the 
advantage in relation to parasitic infections of being reproducible in large 
amounts relatively inexpensively (Bloom 1989). 
The underlying approach has been to isolate cloned antigens on the 
basis of their Immunogenicity. The recombinant antigen can be isolated from 
bacteria in large amounts thus facilitating vaccination studies. It is 
proposed that the induction against major parasite antigens of antibody 
responses that are higher than those observed in natural infections might 
lead to a significant increase in parasite destruction. This methodology 
has not produced any vaccines against human parasites although a successful 
veterinary vaccine has been reported (Johnson et al 1989). Parasites are 
highly evolved organisms that employ a wide range of Immunoevaslve 
strategies. It Is therefore not surprising that the above approach has yet 
to prove successful (Sher 1988). However, as will be discussed In relation 
to helminth parasites, the cloning of antigens has proved a useful method of 
precisely identifying some of the molecules involved in the biology of the 
parasite. This knowledge may lead to advances in diagnosis or to the 
development of more efficient prophylactic procedures. It can be assumed 
that the more that is known about parasite biology the greater the chances 
are of eradicating parasitic disease. 
With regard to Fasciola hepatica, v^llst the antigens involved in the 
immune response have to some extent been defined (Hanna and Trudgett 1983, 
Dalton and Joyce 1987, Anderson 1989), little work involving recombinant DNA 
technology has been carried out. A brief description of the application of 
these techniques to the study of other members of the phylum Platyhelminthes 
will be given in order to demonstrate the potential benefits for studies on 
Fasciola hepatica. 
Most of the studies of helminth parasites that have utilized 
recombinant DNA technology have been carried out on Schistosoma spp. 
Immunity to schistosome infection is only partial. This is thought to 
be due to the fact that the parasite employs several immunoevaslve 
strategies. These are believed to include the enzymatic cleavage of 
attached antibodies, a rapid turnover of membrane components, antigenic 
mimicry, coating of the parasite surface with host antigenic components, and 
immunosupression (Sher and Colley 1989). 
Humans infected with schistosomes exhibit partial protective immunity. 
Epidemiological studies have shown evidence of a concomitant immunity (see 
Capron et al 1987). 
Schistosome Infected hosts produce a heterogeneous immune response 
directed at between 30 and 70 antigens (Capron et al 1966, Ruppel et al 
1985). The identity of these immumogens is poorly understood. Most have 
been described in terms of molecular weight, tissue localization, crude 
chemical makeup and value in protective or diagnostic terms. 
An advantage of the application of recombinant DNA technology is that 
antigens can be characterised through cDNA cloning and their nucleotide 
sequences and primary structures deduced. It would therefore be feasible to 
determine whether the 30-70 polypeptides Identified as antigens are the 
products of 30-70 unique genes or if they arise due to the generation of 
epitopes during the processing of a more limited number of gene products. 
Amino acid homology between parasite antigens and proteins of defined 
function has been observed. Among schistosome antigens homology has been 
demonstrated with glutathione s-transferases (Smith et al 1986, Taylor et al 
1988), paramyosin (Lanar et al 1986), myosin (Newport et al 1987) and silk 
moth chorion proteins (Bobeck et al 1986). The observation of homology with 
a defined protein can allow some idea of the function of the antigen in the 
biology of the parasite to be deduced. 
The identification of some antigens as internal proteins not readily 
available to host antibody (eg. paramyosin, myosin) has provided the 
experimental data for the formulation of theories to account for the host 
response to schistosome infection (Lanar et al 1986). 
As noted previously, another advantage of the use of recombinant DNA 
technology is that essentially unlimited supplies of recombinant proteins 
can be purified from bacteria. One of the major uses to which such proteins 
have been applied is in vaccination studies. 
As schistosomes do not replicate in the vertebrate host and because 
morbidity is directly correlated to worm burden, the development of a 
vaccine that would Increase resistance without necessarily conferring 
complete Immunity Is considered a worthwhile goal (Colley and Colley 1989). 
Experimentally, partial resistance has been achieved by immunization 
using schistosome extracts and purified antigens (Pearce et al 1988, Smith 
and Clegg 1985). Passive transfer of anti-schlstosome monoclonal antibodies 
has been shown to confer partial resistance to reinfection in rat and mouse 
models (Zodda and Phillips 1982, Smith et al 1982). 
Although these immunization studies have been invaluable in studying 
the host-parasite relationship (as reviewed by Capron et al 1987), the 
production of sufficient material for large scale vaccination studies relies 
on the production of recombinant schistosome antigens. 
There are two approaches for Isolating such recombinant antigens. The 
first selects for antigens that are immunogenic, the second for antigens 
that are female (or male) specific and are therefore likely to be involved 
in reproduction. 
The first method has involved the production of schistosome derived 
cDNA libraries in expression vectors. These libraries were then screened 
using antisera of defined specificity or monoclonal antibodies. 
Recombinants expressing immunogenic sequences were identified by the binding 
of antibody (Smith et al 1986, Lanar et al 1986, Ballioul et al 1987(a)). 
The second method relied on the fact that schistosomes are dioecious 
and "that there is observable sexual dimorphism. Schistosome derived cDNA 
libraries were screened using probes derived from female RNA, allowing the 
identification of female specific expressed sequences (Bobeck et al 1986, 
Simpson and Knight 1986, Meusel et al 1987). 
The work carried out by Lanar et al (1986) was based on the observation 
that mice immunised Intradermally with extracts of Schistosoma mansonl In 
BCG (bacillus Calmete-Guerln) were significantly protected against 
subsequent Infection with living larval forms of the parasite (James et al 
1985). It was known that animals vaccinated in this manner recognised 
almost exclusively a single antigenic component of molecular weight 97 kDa 
(Pearce et al 1986). Due to the monospecific nature of the Immune response 
it was possible to purify the 97 kDa protein by absorbtion of S. mansoni 
extracts to antibodies from mice vaccinated as described above. 
The purified antigen was used to immunise rabbits, sera from which was 
then used to screen an adult S. mansoni cDNA library constructed in the 
expression vector Xgtll. The identity of the expression products of 
reactive recombinants was confirmed by their reaction to a monoclonal 
antibody specific for the 97 kDa protein. 
Sequence analysis of reactive clones identified the protein they coded 
for as paramyosin. This protein forms the core structure for myosin 
filaments in all invertebrates (Lanar et al 1986). 
Paramyosin is an internally localized molecule and would not normally 
be available for attack by host antibody. The intradermal vaccination 
procedure that was used is known to trigger cell mediated rather than 
humoral mechanisms of schistosome destruction (James 1985). The paramyosin 
would not have to be surface exposed in order to trigger the pre-sensitized 
T-lymphocytes which in turn are involved in macrophage activation. It is 
thought that sufficient paramyosin would be released as a consequence of 
normal parasite metabolism or mortality to trigger the cell mediated 
response. 
Smith et al (1986) employed an approach aimed specifically at 
identifying host protective antigens. 
It was observed that while all mice of a susceptible strain such as 
Balb/C became infected following challenge with S. japonicum cercariae, 
approximately 50% of exposed mice of strain WEHI 129/J proved resistant in 
that they did not permit the development of adult worms (Mitchell et al 
1985). 
Exposed WEHI 129/J mice were found to have different serum antibody 
specificities to those seen in Balb/C mice. In particular they generated a 
strong response to a S. japonicum adult worm antigen of molecular weight 
26 kDa. This response was not present in exposed Balb/C mice (Mitchell et 
al 1985). 
An adult S. japonicum derived cDNA library was constructed in the 
expression vector Xgtll. The library was screened using affinity purified 
antibodies specific for S. japonicum antigens of molecular weight 20-30 kDa. 
(Beall and Mitchell 1986). 
The B-galactosidase fusion protein specified by a positive clone was 
used to immunise rabbits. Sera from these rabbits recognised a 26 kDa 
antigen in immunoblotting and immunoprecipltation experiments performed on 
S. japonicum adult worm extracts. The antigen co-migrated in 1 and 2 
dimensional gel electrophoresis with a molecule that was strongly recognised 
by sera from exposed WEHI 129/J mice but not by sera from chronically 
infected Balb/C mice (Smith et al 1986). 
Sequence analysis showed a strong derived amino acid homology between 
the 26 kDa antigen and mammalian glutathione s-transferase (GST). 
GST isolated from rabbit tissue was shown to have a significantly 
higher pi than that of the parasite enzyme, suggesting that the GST was not 
directly acquired from host derived material. 
In order to clarify whether the antibody response of WEHI 129/J mice 
against parasite GST was a cause or an effect of their resistance to S. 
japonicum infection, attempts were made to vaccinate mice of an unspecified 
susceptible strain using the 26 kDa - B-galactosidase fusion protein in 
adjuvant. Mice vaccinated using the fusion protein were challenged using 25 
cercariae of S. japonlcum. It was observed that 50% of the vaccinated mice 
contained >10 adult worms while 7% of non-vaccinated control mice contained 
>10 adult worms. However the nature of the control experiment was not 
specified. The acquired resistance could be explained by non-specific 
activation of the host immune system by adjuvant or the B-galactosidase 
portion of the fusion protein. 
The 26 kDa S. Japonicum GST has since been isolated in a functionally 
active recombinant form almost identical to the native molecule (Smith et al 
1988). It has been proposed that biochemical analysis of the recombinant 
enzyme may eventually lead to the development of drugs that are specific 
inhibitors of parasite encoded GST's. 
In independent studies carried out by a separate group, a Agtll cDNA 
library derived from adult S. mansoni DNA was screened using polyclonal 
monospecific antibodies against a 28 kDA antigen which had previously been 
purified by polyacrylamlde gel electrophoresis and shown to confer 
significant protection in rats and mice (Ballioul et al 1987(b)). 
Positive recombinants were aligned to give a longest possible cDNA of 
783 bases translatable to give a polypeptide of molecular weight 28 kDa. An 
insert coding for the c-terminal 25 kDa of the 28 kDa antigen was subcloned 
into a pL expression vector. Rats (semi-permissive host) and hamsters 
(permissive host) were immunised using the purified fusion protein. Rats 
showed a mean of 67% protection and hamsters a mean of 52% protection on 
challenge with S. mansoni cecariae. 
Sera from baboons Immunised with the fusion protein was used in an in 
vitro cytotoxicity test against S. mansoni schistosomula in the presence of 
purified human eosinophils. The immunised baboon sera induced a killing 
efficiency significantly above that induced by sera from naturally infected 
and control non-immunised baboons. Heat inactivation of the sera reduced 
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the killing efficiency, suggesting that immunization with the 25 kDa fusion 
protein induced a strongly cytotoxic humoral response (Ballioul et al 
1987(a)).. 
Subsequent sequence analysis and substrate specificity assays allowed 
the 28 kDa antigen to be identified as a glutathione s-transferase (Taylor 
et al 1988). A 26 kDa protein from S. mansoni has recently been 
characterised (Trottein et al 1990). This molecule shows extensive sequence 
homology with the S. japonicum 26 kDa GST (Smith et al 1986) suggesting that 
S. mansoni has at least two functionally active glutathione s-transferases. 
There is minimal sequence homology between the two S. mansoni GST's 
indicating that the molecules are products of independently evolved gene 
families. 
The mechanisms by which an immune response against schistosome GST's 
could reduce parasite viability have been reviewed (Mitchell 1989). 
(i) Binding of antibody to GST could block binding of the 
enzyme to haematin. As a consequence haematin crystals 
would form, blocking the parasite gut. 
(ii) The peroxidase activity exhibited by some GST's might be 
Implicated in the protection of the parasite against free 
0 radicals produced by immune effector cells. 
(iii) GST activity could protect the parasite from attack by the 
various toxins present in the portal veins. 
The targeting of the immune response towards essential components of 
the fluke as described above is one approach to the control of 
schistosomiasis. However, the pathology of schistosomiasis is due largely 
to the deposition of eggs in the host tissues. (Cheever 1968, Schmidt and 
Roberts 1981). Anti fecundity vaccines which might disrupt the production 
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of eggs could therefore decrease the pathogenesis of the disease (Colley and 
Colley 1989). 
Several groups have attempted to identify the genes involved in 
eggshell production (Bobeck et al 1986, Simpson and Knight 1986, Johnson et 
al 1987, Meusel et al 1987). The underlying methodology in each case has 
been similar. 
Bobeck et al (1986) constructed an adult S. mansoni derived cDNA 
library. The library was screened using a probe specific for female 
expressed sequences. RNA was extracted from females obtained from mixed sex 
infections. In single sex infections females do not mature (Moore et al 
1954). The RNA was reverse transcribed into single stranded cDNA. Female 
specific sequences were isolated from sequences expressed in both sexes by 
subtractive hybridisation with male derived RNA. The single stranded cDNA 
which remained unhybridlsed was considered female specific and was used to 
screen the library. 
Hybridising recombinants were found to be cross reactive. When 
sequenced, they were seen to contain two possible open reading frames, one 
of which coded for a glycine rich polypeptide that showed similar amino acid 
composition to that obtained from purified schistosome eggs. 
Koster et al (1988) produced fusion proteins corresponding to both the 
possible open reading frames. Antisera raised against female S. mansoni 
homogenates reacted uniquely with the glycine rich polypeptide. 
Female specific inserts obtained independently by Simpson and Knight 
(1986) and Meusel et al (1987) were also sequenced. The sequence data 
showed that all three cDNA's derived from very similar genes (Kunz et al 
1987, Simpson et al 1987). 
Although the polypeptide coded for by the putative eggshell precursor 
gene showed homology with the amino acid composition of eggshell 
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hydrolysates, there also appeared to be significant differences (Koster et 
al 1988). The amino acids tyrosine and glycine were over-represented in the 
predicted translation product while histidine glutamine/glutamic acid, 
lysine and asparaglne/aspartic acid were under-represented. An explanation 
proposed for these discrepancies was that one or more additional precursor 
molecules were involved in eggshell production. 
A mature female specific S. mansoni sequence was isolated by Johnson et 
al (1987). The insert putatively coded for a 48 kDa translation product 
that was rich in the amino acid residues supposedly under-represented in the 
translation product of the previously isolated eggshell precursor gene. It 
has been proposed that if the eggshell comprised the glycine rich and 48 kDa 
antigens in a 4:1 molar ratio respectively the amino acid composition would 
be almost identical to the observed composition of eggshell hydrolysates 
(Koster et al 1988, Cordingley 1987). 
As can be seen from the selected studies summarised above, the 
application of recombinant DNA technology to the study of schistosomiasis 
has had notable success. The sequencing of cloned antigens has provided a 
relatively simple method for identification and the assignment of possible 
function. The isolation of at least one functionally active parasite 
derived enzyme has enhanced the possibility of designing drugs that 
specifically interfere with helminth metabolism. The cloning of some of the 
genes involved in eggshell production has helped elucidate the complex 
process of schistosome reproduction at the molecular level. The 
identification of more sex and stage specific antigens should further 
Increase knowledge In this area. A female specific antigen not believed to 
be an eggshell precursor molecule has recently been isolated (Reis et al 
1989). It is possible that this molecule may be involved in the control of 
egg production, a process of which very little is known. 
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The adoption of the technology of molecular cloning has allowed the 
production of sufficient material to readily facilitate vaccination studies. 
However the protective benefit conferred by such vaccination has not been 
proven. A mean level of protection of 40% achieved against S. mansoni 
infection in baboons has been described as significant (Capron et al 1987) 
but in Isolation is unlikely to provide the basis of an acceptable human 
vaccine. 
Due to the complex immunoevasive strategies employed by schistosomes it 
is not surprising that Immunization using single antigens has not proved 
particularly successful. A possible alternative strategy is the development 
of a cocktail vaccine containing several defined recombinant antigens 
(Colley and Colley 1989). It has been proposed however that the technique 
of screening for parasite antigens on the basis of their Immunogenicity may 
in itself select against finding molecules that are host protective (Sher 
1988) (see discussion). 
In view of the past successes provided by this approach it is certain 
that recombinant DNA techniques will continue to be applied in the analysis 
of the complicated antigenic mosaic seen in schistosomiasis. 
In terms of the production of a sub-unit anti-parasite vaccine, there 
has been one unequivocably successful application of recombinant DNA 
techniques to a helminth parasite (Johnson et al 1989). 
Cysticercosis in sheep, produced by infection with larval forms of the 
tapeworm Taenia ovis, causes considerable economic losses. 
It was known that vaccination using antigens from the oncosphere stage 
of the parasite could induce complete protection against infection (Rickard 
and Williams 1982). In vitro culture techniques had shown that host 
protective antigens were secreted by the activated oncospheres (Rickard and 
Adolph 1977). Immunised sheep mounted a strong antibody response against 
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oncosphere antigens of molecular weight 47-52 kDa. Experimentally infected 
rabbit antibodies specific for antigens of 47-52 kDa were selected from 
immunoblots (Beall and Mitchell 1986) and used to screen a Agtll library 
constructed from oncosphere derived cDNA. A strongly positively reacting 
recombinant was identified. The B-galactosidase fusion protein produced by 
the recombinant was isolated by SDS PAGE and used to immunise sheep. 
Although the sheep produced an antibody response against oncosphere antigens 
in the range of 47-52 kDa, no protective immunity was conferred (Johnson et 
al 1989). 
The research described on the glutathione s-transferase of S. japonlcum 
(Smith et al 1986) has lead to the construction of plasmid vectors that 
express inserted sequences as fusion proteins with enzymatically active GST 
(Smith and Johnston 1988). Sequences inserted into this plasmid can readily 
be purified as GST fusion proteins under non-denaturing conditions. The 
insert from the reactive recombinant was subcloned into one of these 
vectors. 
Vaccination trials using the oncosphere antigen GST fusion protein with 
saponin adjuvant produced a mean level of protection of 94% in sheep on 
challenge with 2,000 viable Taenia ovls eggs (Johnson et al 1989). No 
protective immunity was produced in sheep vaccinated with GST and saponin 
only. 
Treatment of the fusion protein with SDS or dithiothreitol 
substantially reduced the level of protection, indicating the importance of 
antigen conformation in this case. 
The level of protection produced is considered high enough for 
commercial production of the recombinant vaccine to proceed. 
The above is an example of recombinant DNA technology being applied to 
a system where immunization with a limited number of antigens produces 
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complete immunity, but as with all parasitic disease, the development of a 
practical commercial vaccine was retarded by the lack of parasite material 
available. 
The demonstration of the importance of the conformation of the fusion 
proteins indicates that the presentation of epitopes which are 
immunoprotective is of great importance (see discussion). 
In common with cystlcercosis, infection with Fasciola hepatica causes 
major economic loss in temperate regions worldwide (Anderson 1989, Dalton 
1985). The parasite life cycle was elucidated in the 1880's and has been 
well documented (Pantelouris 1965, Smyth 1981). 
The immune response developing as a result of F. hepatica infection has 
been extensively studied (Hughes et al 1982 (a), (b), Doy et al 1978, Haroun 
and Hillyer 1986). The situation is complicated with different degrees of 
resistance to reinfection occurring in different host species (Haroun and 
Hillyer 1986). 
Following primary infection cattle develop a partially protective 
concomitant immunity (Boray 1967, Doyle 1971). In contrast sheep are unable 
to resist secondary and subsequent infections (Smithers 1976). 
In laboratory infections rats consistently exhibit significant 
resistance to reinfection (Hayes and Mitrovic 1977, Hayes et al 1974). Most 
reports show no evidence of acquired immunity in mice (Harness et al 1977, 
Burden et al 1982, Chapman and Mitchell 1982). Experimental infections in 
rats and mice are therefore generally recognised as adequate models for 
infections in cattle and sheep respectively. 
Attempts to vaccinate against challenge F. hepatica infection have been 
carried out in the four host species mentioned above. The results have been 
fragmentary and contradictory (Reddington et al 1984, Dalton 1984) with 
perhaps the only consensus being that antigen preparations derived from 
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juvenile fluke are more likely to induce protective immunity than those 
derived from adult fluke (Ragasekariah et al 1979, Lehner and Sewel 1979, 
Burden et al 1982). No antigen preparations comparable to those producing 
100% protection against cysticercosis in sheep (Johnson et al 1989) have 
been reported. 
As stated above, the situation concerning immune responses to 
F. hepatica infection is complex and is still to a large extent unresolved. 
The testing of sera from experimentally infected animals by indirect 
immunofluorescence on embedded fluke sections has however allowed the 
immunogenic tissues of the parasite to be identified (Hanna 1980(b)). 
In the initial stages of infection the host immune response is directed 
almost exclusively against the glycocalyx component of the tegument (Hanna 
1980(b)). 
The ultrastructure of the F. hepatica tegument has been well 
characterised (Threadgold 1967, 1976, Bennet and Threadgold 1975). During 
migration of the juvenile fluke in the mammalian host, the tegument 
undergoes distinct morphological changes at the ultrastructural level 
(Bennet and Threadgold 1975). The tegumental cells produce material to 
replace the glycocalyx which is continually being sloughed off (Hanna 
1980 (b,c)). Around the time of entry into the bile ducts glycocalyx 
turnover is markedly reduced. Further surface changes are reflected by the 
secretion of different antigens produced by a distinct type of tegumental 
cell (Hanna 1980(a)). Sera from infected animals show corresponding changes 
in antibody specificity (Hughes et al 1981). 
It has been proposed that during the pre-bile duct stage of migration 
the parasite counters immunological attack by sloughing off the glycocalyx 
as it is complexed by host antibody. The glycocalyx is renewed with 
glycoproteins produced in the tegumental cells (Hanna 1980 (a,b). Duffus and 
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Franks 1981). In the bile ducts there is an absence of cell mediated 
immunity and specific antibody levels are low (Hughes et al 1981). In this 
environment the role of the tegument is more likely to be concerned with 
counteracting the surfactant effects of bile rather than with immunoevasive 
activity. 
The antigens involved in the glycocalyx development have been 
characterised to some extent in terms of their molecular weight, 
modifications associated with their processing for secretion and their 
abundance during parasite development (Hanna and Trudgett 1983, Dalton and 
Joyce 1987, Anderson 1989). The most logical approach to further 
characterisation would appear to be the construction of a Fasciola hepatica 
derived cDNA library and the isolation of recombinants expressing the 
antigens concerned. 
To date little research using recombinant DNA technology has been 
carried out on F. hepatica. Irving and Howell (1981) were the first to 
report isolation of F. hepatica RNA. It was found that the RNA population 
was unusual in that 25% of it bound to oligo dT cellulose and was therefore 
likely to be polyadenylated or messenger RNA. A more usual figure for the 
proportion of RNA binding to oligo dT cellulose is 3-10% (Aviv and Leader 
1972, Kaplan et al 1979). It was proposed that the unusual prominence of 
messenger RNA could be explained by the adult fluke being a prolific egg 
producer, thereby displaying an unusually high level of protein synthesis. 
Beardsell and Howell (1987) reported the insertion of F. hepatica cDNA 
into the plasmid vector pBR322. The library was used to coinfect mouse L 
cells (thymidine kinase -ve) with a plasmid containing the thymidine kinase 
gene of herpes simplex virus. Transformed cells were tested for expression 
of F. hepatica DNA by indirect immunofluorescence using serum from sheep 
Infected with the parasite. Expression of F. hepatica DNA was found to 
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cease after a relatively short period (10 weeks) in culture. The authors 
proposed insertion of F. hepatica DNA into a plasmid containing the 
thymidine kinase gene so that the selection pressure for retention of the 
plasmid would prevent loss of the parasite sequences. The benefit of using 
an eukaryotic cell to express parasite antigens is that post translational 
modifications such as glycosylisation take place. Many parasite antigens 
require such modification In order to acquire their host protective capacity 
(eg. Handman and Coding 1985). 
The first report of constructing a cDNA library from Fasciola hepatica 
RNA and analysing cloned sequences was by Zurita et al (1987). The research 
was aimed at identifying antigens involved in eggshell production. 
F. hepatica is an hermaphroditic organism, therefore the strategy described 
for the isolation of schistosome sex specific sequences is not applicable. 
The methodology adopted involved dissecting out the female genital 
complex which contains the uterus, Mehlis' gland and the vitelline reservoir 
(Pantelouris 1966). RNA was extracted from this tissue and used to 
construct a cDNA library in the bacteriophage vector Agt10. The library was 
screened using radiolabelled cDNA synthesised from RNA extracted from the 
female genital complex and with cDNA synthesised from RNA extracted from the 
head of the fluke (which was assumed to contain no reproductive tissue). A 
recombinant which reacted with the former but not the latter probe was 
identified and analysed in detail. 
Sequence analysis showed that the insert coded for a protein that had 
an overall amino acid composition similar to the eggshell precursor gene 
reported for Schistosoma mansoni (Bobeck et al 1986). However no sequence 
homology between the two proteins was observed. 
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The amino acid composition of the F. hepatica protein was compared to 
the composition of F. hepatica eggs, chemically analysed by Rainsford 
(1972). 
Although the overall amino acid composition was similar, some residues 
such as lysine and tyrosine appeared to be over represented in the cloned 
antigen while others including asparagine/aspartic acid, glutamine/glutamic 
acid and glycine were under represented. This would appear to suggest that, 
as proposed for schistosomes, there is more than one abundant eggshell 
precursor molecule. 
Probes derived from the cloned sequence were used in hybridisation 
studies on genomic DNA from the dioecious trematode Schistosoma mansoni and 
the hermaphroditic trematode Echinostoma parensi. The DNA from both species 
hybridised to the probe suggesting that some regions in the genome of these 
parasites shared homology with the expressed F. hepatica sequence. In order 
to determine if these regions were expressed, RNA was extracted from 
S. mansoni and E. parensi and hybridised in Northern blots to the 
F. hepatica probe. A low intensity signal was observed with the E. parensi 
RNA but neither male nor female S. mansoni RNA hybridised to the probe. 
It was proposed that the expression of homologues to the F. hepatica 
gene could be linked to the fact that E. parensi eggs develop in freshwater 
(Lie and Basch 1967) in common with F. hepatica eggs while S. mansoni eggs 
develop within the mammalian host (Smyth and Halton 1983). The homology 
seen in the S. mansoni genone might have represented the evolutionary 
remnant of a gene used by an S. mansoni predecessor (Zurita et al 1987). 
In situ hybridisation techniques were used to localise expression on 
Fasclola hepatica sections of the mRNA coding for the cloned antigen (Zurita 
et al 1989). Hybridisation was confined to the Immature and mature 
vitelline cells. This correlated with earlier results which had indicated 
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that vitelline cells were the principal producers of F. hepatica eggshell 
components (Wilson 1967, Irwin and Threadgold 1970). 
The only other published report of the application of molecular cloning 
techniques to the study of F. hepatica was that carried out by the group 
above in which the mitochondrial large sub unit (LSU) ribosomal RNA gene was 
cloned (Zurita et al 1988). 
As noted previously the application of the techniques of gene cloning 
to the study of helminth parasites has been directed mainly towards 
Schistosoma spp., as a consequence their application to Fasciola hepatica is 
likely to yield novel insights into the biology of this organism. 
Accordingly, the aims of this study were as follows:-
(i) to synthesise F. hepatica cDNA and to construct a cDNA 
library in the expression vector Agtll; 
(ii) to screen this library using serum from experimentally 
infected animals; 
(iii) to characterise reactive recombinants in terms of DNA 
sequence, localization of expression in the parasite and 
molecular weight; 
(iv) to construct a F. hepatica genomic DNA library in the 
cosmid vector pHC79; 
(v) to screen this library using non expressed sequences from 
a S. mansoni eggshell precursor gene. 
It was thought that, as the bulk of the host immune response is 
directed against the F. hepatica tegument, reactive recombinants in the 
gtll library would be likely to be tegumental antigens. Characterisation of 
such recombinants might help elucidate the complex processes seen during 
tegumental development. 
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The work reported by Zurita et al (1987) indicated that non expressed 
sequences might be shared between S. mansonl and F. hepatlca. It was 
intended to use this as a possible approach for isolating F. hepatlca 
eggshell precursor genes or to study the difference in control of egg 
production in a hermaphroditic and a dioecious organism. 
CHAPTER 2 
MATERIALS AND METHODS 
2.1 PARASITE MATERIAL 
2.1.1 Parasite material 
Fasciola hepatica metacercariae were donated by courtesy of Mr. G. 
Graham, M.A.F.F., Weybridge, Surrey. 
Schistosoma mansoni adult worms were donated courtesy of Dr. Q. Bickle, 
L.S.H.T.M., Winches Farm Field Station, St. Albans, Herts. 
2.1.2 Infection of rats and mice 
Wistar rats and Balb/C mice were infected orally using F.hepatica 
metacercariae. Each infection normally consisted of 25 metacercariae. 
Juvenile fluke were recovered from the liver parenchymal tissue of 
infected rats and mice. 
Adult fluke were recovered from the bile ducts of infected rats. 
2.1.3 Preparation of parasite material for light microscopy 
Fluke were fixed for one hour at 4 C in 10% neutral buffered 
paraformaldehyde (10%(w/v) paraformaldehyde in 0.16 M NaH^PO^, 0.11 M NaOH), 
then washed five times in TBS (25 mM TrisCl pH7.5, lAO mM NaCl) before being 
dehydrated in an ascending ethanol series to absolute ethanol. 
The material was infiltrated overnight at 4 C in 2ml solution A (5 vol. 
glycol methacrylate : 1 vol. 2-butoxyethanol) catalysed by the addition of 
0.9%(w/v) benzoyl peroxide. Samples were then embedded in gelatin capsules 
containing a 25:1 mixture of catalysed solution A and solution B (15 vols, 
polyethylene glycol 400 : 1 vol. N,N-dimethylaniline). The polymerisation 
process required 1-2 hours at room temperature. 
Sections of embedded material were cut at a thickness of 3 um using 
glass knives on an LKB Pyrimatome. Sections were mounted on spot multitest 
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slides using l%(w/v) NH.OH. Sections intended for use in in situ 
hybridisation studies were mounted on slides which had previously been 
incubated in 0.02%(w/v) polylysine (50kDa, Sigma, USA) for 2 hours at 37°C. 
2.2 BACTERIAL AND BACTERIOPHAGE CULTURE 
2.2.1 Bacterial strains 
E. coli recA~ strain ED8767 was used for the growth of pHC79. 
E. coli recA~ strain JM109 was used for the transformation and growth 
of Bluescript SK*. 
E. coli recA~, Ion", supF, pMC9 strain Y1090 and E. coli recA~, Ion", 
hfllSO, pMC9 strain Y1089 were used as hosts for Agtll. 
2.2.2 Growth Media 
L-broth - l%(w/v) Bacto-tryptone, 0.5%(w/v) Bacto-yeast 
extract, l%(w/v) NaCl in water. 
L-agar - L-broth with 1.5%(w/v) Bacto agar. 
L-agarose - L-broth with 0.75%(w/v) agarose. 
All media used for bacterial growth were sterilized by autoclaving at 
121°C for 15 minutes. 
2.2.3 Selective media 
Antibiotics 
The antibiotics ampicillin and tetracycline (both Sigma, USA) were 
used. 
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Ampicillin was made up as a 25 mg ml solution in 0.1 M NaOH and 
stored for up to 10 days at 4 C. It was used at a final concentration of 
50 ug ml" . 
Tetracycline was made up as a 12.5 mg ml solution in 50%(v/v) ethanol 
and stored for up to one month at -20 C. It was used at a final 
concentration of 12.5 ug ml 
IPTG 
IPTG (Isopropyl B-D-thiogalactopyranoside, Sigma USA) was made up as a 
100 mM solution in distilled water, sterilized by passage through a 0.22 um 
pore disposable filter (Millipore, France) and stored at 4 C. 
X-gal 
X-gal (5-bromo-4-chloro-indoyl-B-D-galactosidase, Bachem, USA) was 
prepared as a 2%(w/v) solution in dimethylformamide and stored in darkness 
at 4°C. 
2.2.4 Storage of bacteria 
Selected bacterial clones were grown overnight in 5 ml of L-broth 
containing the appropriate antibiotics. Sterile glycerol (30%(v/v) final 
concentration) was mixed thoroughly with 1 ml of the overnight culture in an 
eppendorf tube. Cultures were stored at -80 C for up to 3 years. When 
required as an Inoculum a small portion of the frozen culture was scraped 
into 5 ml of sterile L-broth and incubated overnight at 37 C and 200 rpm in 
an orbital Incubator. 
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2.2.5 Preparation of competent cells 
Bacteria were made competent for transformation with plasmid DNA using 
the method of Mandel and Higa (1970). 
Cells were grown in 50 ml of L-broth at 37 C until the culture density 
reached an OD,.. of 0.4. The cells were pelleted by centrifugation at 
600 
3,000 g for 5 minutes at 4°C. The pellet was gently resuspended in 20 ml of 
ice cold sterile 50 mM CaCl_. The cells were placed on ice for one hour, 
pelleted as described above and resuspended in 5 ml of 50 mM CaCl^. The 
cells were stored at 4°C for a maximum of 24 hours before being used. 
2.2.6 Preparation of plating cells 
Plating cells were prepared for infection with Xgtll. 
E. coli Y1090 was grown to a culture density of OD 0.5 at 37 C in 
50 ml of L-broth containing 50 ug ml ampicillin and 0.2%(w/v) maltose. 
The culture was centrifuged at 3,000 g for 5 minutes at 4 C and the pelleted 
cells were gently resuspended in 15 ml of ice cold sterile 10 mM MgSO,. 
Plating cells were stored for up to one week at 4 C before use. 
2.2.7 Storage and titration of bacteriophage Agtll 
Single plaques were cored out from plates using sterile Pasteur 
pipettes. They were added to 1 ml of SM buffer (lOOmM NaCl, 10 mM MgSO , 
50 mM TrlsCl (pH7.5), 0.01%(w/v) gelatin). A drop of chloroform was added 
to prevent further bacterial growth and the mixture was shaken vigorously. 
The titre of plaque stocks picked from fresh plates was routinely 10 - 10 
pfu ml . Plaque stocks were stored at 4 C. 
Phage stocks were titrated by making a series of 10 - fold dilutions of 
the packaged phage in SM buffer. Duplicate dilutions were made from 10^ 
(one plaque corresponding to 10 pfu in the original stock) to 10^ (one 
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plaque corresponding to 10 pfu in the original stock). An equal volume of 
plating cells (see section 2.2.6) was added to each of the dilutions. 
Following incubation at 37°C for 15 minutes, each of the mixtures was added 
to 4 ml of molten LB agarose (50 ug ml' ampicillin) at 45 C, mixed well and 
poured onto dry LB-agar-ampicillin plates. The LB agarose was allowed to 
set (10 minutes at room temperature). The plates were then inverted and 
incubated overnight at 43 C. 
2.2.8 Preparation of a high titre stock of >gtll 
For some manipulations (eg. production of recombinant lysogens -
section 2.2.9), a phage stock of > 10 pfu ml was required. 
The recombinant phage of interest was plated out on five 140 mm LB 
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ampicillin plates at a density of 10 pfu per plate. The plates were then 
incubated overnight at 43 C. To each plate was added 6 ml of SM buffer 
containing 200 ul of chloroform. The plates were agitated (50 cycles min , 
KSIO shaker, Edmund Buhler, FRG) at 4 C for 3 hours. The liquid was then 
poured into 14 ml centrifuge tubes and the phage particles pelleted by 
centrifugatlon at 110,000 g for 30 minutes at 4 C. 
Each phage pellet was resuspended in 0.5 ml of SM containing 50 ul of 
chloroform. The phage stocks were titrated as described in section 2.2.7. 
2.2.9 Generation of >gtll recombinant lysogens in E. coli strain Y1089 
A single colony of E. coli Y1089 was used to inoculate 10 ml of 
L broth containing 0.2%(w/v) maltose and 50 ug ml" ampicillin. The cells 
were grown with agitation at 37°C to a culture density of CD,.,. 0.5 (2.5 x 
600 
,8 -1 
AO cells ml ) and MgCl- added to a concentration of 10 mM. The culture 
Was dispensed into 100 ul aliquots which were placed on ice. Each aliquot 
g 
Was infected with 1.25 x 10 pfu of the recombinant phage of interest. 
27 
Infected cultures were incubated at 32 C for 20 minutes and then were 
diluted by a factor of 10 using L-broth. The final volume of each diluted 
culture was 1 ml. From each diluted culture 10 ul was spread onto a 90 mm 
LB agar-ampicillin plate. The above dilution was calculated to produce 250 
colonies per plate. The plates were then incubated overnight at 32 C. 
Using sterile toothpicks, 20 colonies were picked from each plate and 
spotted onto two separate LB ampicillin plates. One plate was incubated 
overnight at 32 C and the other at 43 C. Lysogens were identified by their 
ability to grow at 32°C but not at 43°C. 
2.2.10 Production of B.galactosidase fusion protein 
A single colony of a Y1089 recombinant lysogen was used to inoculate 
25 ml of L-broth containing 50 ug ml ampicillin. The culture was grown to 
an OD,-- of 0.5 at 32 C. The temperature was then raised to 43 C and the 
ouu 
culture incubated for 20 minutes. A sterile solution of IPTG (Sigma, USA) 
was added to a final concentration of 10 mM and the culture incubated for 
45 minutes at 37 C. In order to ensure rapid attainment of the required 
temperature, water baths were used for the above Incubations. 
The cells were harvested by centrifugation at 3,000 g for 5 minutes at 
30 C. The pellet was resuspended in 1 ml of TBS and snap frozen in liquid 
nitrogen. Frozen cultures were stored at -80°C. 
Before SDS PAGE, the cultures were allowed to thaw at room temperature. 
This resulted in complete lysis of the induced lysogen (Huynh et al 1985). 
28 
2.3 GENERAL TECHNIQUES FOR WORKING WITH NUCLEIC ACID 
2.3.1 Deprote inisat ion 
Protein was removed from nucleic acid solutions by extraction using the 
organic solvents phenol and chloroform. 
Redistilled phenol was melted at 65 C and 8-hydroxyquinoline (Sigma, 
USA) was added to 0.1%(w/v). The liquid phenol was extracted twice using an 
equal volume of 1 M TrisCl (pH8.0) and once using 10 mM TrisCl (pH8.0), 1 mM 
EDTA. The pH of the aqueous phase was then checked to ensure that it was 
greater than pH7.6. 
Chloroform - isoamyl alcohol was prepared by mixing chloroform and 
isoamyl alcohol in a ratio of 24:l(v/v). 
Extraction of nucleic acids was carried out once using phenol, once 
with 1:1 phenol/chloroform - isoamyl alcohol and once with chloroform. The 
procedure used was as described by Maniatis et al (1982), (pp458-459). 
2.3.2 Precipitation 
Nucleic acid was recovered from solution by the addition of anmionium 
acetate to 1.5 M followed by the addition of 2.5 volumes of absolute 
ethanol. After 30 minutes at -80 C the precipitated nucleic acid was 
pelleted by centrifugation at 11,000 g for 30 minutes. Excess salt was 
removed by gently washing the pellet in 70%(v/v) ethanol. 
2.3.3 Deionization of formamide 
Formamide was deionised by the addition of amberlite MBl monobed resin 
(Sigma, USA) to 5%(w/v). The mixture was stirred at room temperature for 
one hour. The formamide was filtered and stored at -20°C. 
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2.3.4 Siliconization 
Siliconlzation was carried out to minimise loss of nucleic acid by 
adsorbtion to contact surfaces. 
Surfaces were rinsed with repelcote (2%(v/v) dimethyldichloro- silane 
in 1,1,1-trichloroethane) and then baked at 80 C for one hour. 
2.3.5 Spun column chromatography 
This technique was used to remove unincorporated nucleotides from 
reactions Involving DNA and RNA. Sephadex G-50 powder (Pharmacia, Sweden) 
was swollen overnight in excess TE buffer (pH8.0) and sterilized by 
autoclaving at 121 C for 15 minutes. 
Spin columns were prepared by pouring the swollen Sephadex in sterile 
1 ml syringe barrels plugged with siliconised glass wool. 
Columns were packed to a volume of 0.9 ml by centrifugation at 2,000 g 
for 3 minutes. The packed column was equilibrated by applying 50 ul of TE 
buffer (pHB.O) or DEPC treated water followed by centrifugation as above. 
The sample was applied to the packed equilibrated column and eluted into a 
decapped eppendorf tube by centrifugation as described. 
2.3.6 Quantification of nucleic acid 
The concentration of nucleic acid solutions was estimated by measuring 
their absorbance at 260 nm using a spectrophotometer (Ultrospec VII, LKB, 
Sweden). 
Calculations were based on the assumption that an A„-„ of 1.0 
/oO 
corresponded to a concentration of 50 ug ml for double stranded DNA and a 
concentration of 40 ug ml" for RNA. 
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2.3.7 Detection of radiolabelled nucleic acid 
Quantitative estimation of radiolabelled nucleotides was carried out 
using an LKB 1215 Rackbeta II liquid scintillation counter. 
Samples were mixed with 5 ml of scintillation fluid (2 parts toluene, 
1 part scintillation grade Triton X-100, 0.4%(w/v) 2,5 diphenyloxazole) 
before being counted using the appropriate channel. 
2.3.8 Detection of biotinylated nucleic acid 
Dilution series of biotinylated nucleic acid samples were made and 
dotted onto nitrocellulose membranes (Schleicher and Schuell, FRG). An 
estimation of the amount of biotinylated nucleic acid present was made by 
developing the blots and comparing them to test strips made using dilutions 
of a known concentration of biotinylated phage X DNA. 
After blotting, the nitrocellulose filters were baked at 80 C for one 
hour, then rehydrated for one minute in buffer 1 (0.1 M TrisCl (pH7.5), 
0.1 M NaCl, 2 mM MgCl_, 0.057o(v/v) Triton X-100). The filters were then 
incubated for 20 minutes at 42 C in buffer 1 supplemented with 3%(w/v) 
bovine serum albumin. This acted to reduce the level of background 
hybridisation. 
The filters were subsequently incubated for 10 minutes at room 
temperature in buffer 1 containing 2 ug ml streptavidin (BRL, USA), washed 
three times in a large excess volume of buffer 1, and then incubated for 
10 minutes at room temperature in buffer 1 containing 1 ug ml biotinylated 
calf intestinal alkaline phosphatase (BRL, USA). Following this incubation, 
the filters were washed three times in a large excess volume of buffer 1 and 
twice in 0.1 M TrisCl (pH9.5), 0.1 M NaCl, 50 mM MgCl2. The presence of 
bound alkaline phosphatase molecules was then detected exactly as described 
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for western blots (see section 2.8). Colour development was terminated by 
washing the filters In 20 mM TrlsCl (pH7.5), 5 mM EDTA. 
2.4 ANALYSIS OF DNA 
2.4.1 Restriction enzyme digestion of DNA 
Restriction endonucleases and their lOx buffers were purchased from 
Amersham, UK. 
With the exception of Sau3A partial digestions of genomic DNA, 
restriction digests were performed at an enzyme concentration of 5-10 u ug 
of DNA for 2-3 hours at 37°C. 
2.4.2 Agarose gel electrophoresis of DNA 
DNA was electrophoresed on 0.2%-1.5%(w/v) agarose gels made up In TBE 
buffer (89 mM TrlsCl pH8.0, 89 mM boric acid, 2 mM EDTA). The molten 
agarose was allowed to cool to 55 C before ethldlum bromide was added to a 
final concentration of 0.7 ug ml 
Gels were cast In horizontal gel tanks (140 mm x 114 mm and 75 mm x 45 
mm, BRL, USA). Before loading, a 1/6 vol of a 0.25%(w/v) bromophenol blue, 
0.25%(w/v) xylene cyanol, 30%(v/v) glycerol solution was added to DNA 
samples. This Increased the density of the samples to facilitate loading 
and provided markers to allow monitoring of the progress of electrophoresis. 
Electrophoresis was routinely carried out at 5 v cm under TBE buffer. 
The DNA In gels was visualized using a longwave UV translumlnator (UV 
Products Inc, USA). Permanent records of gels were made using a Polaroid 
MP4 land camera and 4x5 Type 55 film (Polaroid, UK). 
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Gels containing radiolabelled DNA were dried under vacuum at 80°C onto 
Whatmann 3 mm paper and exposed to Fuji RX x-ray film at -80°C in the 
presence of an intensifying screen. 
2.4.3 Sizing of DNA restriction fragments 
The DNA fragments obtained by endonuclease digestion were resolved 
alongside known molecular weight standards ( X DNA digested with Hindlll or 
Pst I) on agarose gels. 
The distance migrated by the restriction fragments in comparison to the 
known molecular weight markers was used to estimate the size of fragments of 
Interest. 
2.A.4 Radiolabelling of size markers 
DNA fragments resulting from Hindlll digestion of phage X were end 
32 labelled with [cx P] dCTP by filling the recessed 3' ends using the klenow 
fragment of DNA polymerase 1. 
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To 2 ug of the digested DNA was added 20 uCi of [ cX P] dCTP (800 
Ci/mmol, Amersham, UK), 2 n moles each of dATP, dGTP and dTTP and one unit 
of DNA polymerase 1 klenow fragment (Amersham, UK). The reaction was 
carried out at 37°C for 30 minutes. The reaction was then stopped by the 
addition of EDTA to 10 mM and the labelled fragments deproteinized and 
passed through a spin column before being ethanol precipitated and 
redissolved in 100 ul TE buffer pH8.0. The specific activity of the markers 
was estimated by scintillation counting (see section 2.3.7). 
2.4.5 Isolation of DNA fragments 
Individual DNA fragments were isolated from restriction reactions by 
purification under electrophoresis onto Whatmann DE81 membranes using the 
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method described by Dretzen et al (1981). The membrane was prepared by 
pre-soaking overnight in 2.5 M NaCl. DNA was eluted by incubation for 2-3 
hours at 37°C in 1.5 M NaCl, 20 mM TrisCl (pH7.5), 1 mM EDTA. Ethidium 
bromide was removed by extracting the eluate with 3 volumes of water 
saturated N-butanol and the DNA precipitated by the addition of 2.5 volumes 
of absolute ethanol. Fragments isolated by this method were used for 
subcloning or further restriction analyses. 
2.4.6 Preparation of radiolabelled DNA probes 
Radiolabelled insert DNA was synthesised according to the method of 
Feinburg and Vogelsteln (1984). Digested DNA was electrophoresed on a 
l%(w/v) low melting point agarose (type VII Sigma, USA) gel. The fragment 
to be labelled was removed using a sterile scalpel. Water was added to the 
excised agarose at 3 ml g and the j)reparatlon boiled for 5 minutes before 
being stored at -20 C. 
Before each labelling reaction the mixture was boiled for 3 minutes to 
denature the DNA. Approximately 30 ng of the denatured insert DNA was used 
for each reaction. The reaction was carried out as described by Felnberg 
and Vogelsteln (1984) except that random hexanucleotlde primers (Pharmacia, 
Sweden) were added separately from the 5 x OLB buffer at a concentration of 
10 ng ul . The primer extension reaction was carried out in a 50 ul volume 
at room temperature for 24 hours using 4U of DNA polymerase 1 klenow 
32 fragment (Amersham, UK) and 20 uCl of [oc P] dCTP (800 Ci/mmol, Amersham 
UK). Following the reaction unincorporated nucleotides were removed by spun 
column chromatography (see section 2.3.5). 
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2.4.7 Southern blot analysis 
DNA was transferred from agarose gels to nylon membranes (Hybond-N, 
Amersham, UK) using a method based on that described by Southern (1975). 
The DNA In gels was denatured by soaking In 1.5 M NaCl, 0.5 M NaOH for 
one hour at room temperature. The pH of the gels was subsequently adjusted 
by soaking In 1 M TrlsCl (pH8.0), 1.5 M NaCl for one hour. Transfer was 
then carried out as described for Northern blots (section 2.5.2). 
2.4.8 Hybridisation of probe to Southern blots 
The prehybridlsatlon, hybridisation and washing procedures were in most 
cases Identical to those described for Northern blots (section 2.5.3). 
However in some experiments DNA from one species (Fasciola hepatica) was 
probed using radiolabelled insert from another species (Schistosoma 
mansoni). In these hybridisations dextran sulphate was added to the 
prehybridisation/hybridisatlon solution to 10%(w/v). The presence of 
dextran sulphate is known to amplify the hybridisation signal (Anderson and 
Young 1985). 
2.4.9 Large scale preparation of plasmld DNA 
The method used was essentially a scaled up version of that described 
by Blrnboim and Daly (1979). 
Selected clones were used to Inoculate 10 ml of L-broth containing the 
appropriate antibiotic. These cultures were Incubated overnight at 37 C and 
subsequently used to inoculate 500 ml of the same medium in a 2 L conical 
flask. After overnight incubation at 37 C, the cells were pelleted at 
3,000 g for 20 minutes. The pellet was resuspended in 20 ml of a solution 
comprising 50 mM glucose, 25 mM TrlsCl (pH8.0), 10 mM EDTA, and 20 mg of 
lysozyme was then added. The suspension was left on ice for 30 minutes and 
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40 ml of 0.1 M NaOH, l%(w/v) SDS added. After 10 minutes at room 
temperature 30 ml of 3 M potassium acetate (pH4.8) was added and the 
suspension mixed well until a flocculent precipitate formed. After one hour 
incubation on Ice, the samples were centrlfuged at 12,000 g for 20 minutes 
to remove chromosomal DNA and cell debris. The supernatant was filtered and 
0.6 vol of Ice cold Isopropanol added. After a one hour Incubation at -20 C 
the precipitated nucleic acid was pelleted by centrlfugatlon at 12,000 g for 
20 minutes. 
The pellet was dissolved In 6 ml of TE buffer pH8.0 and 100 ul of a 
l%(w/v) ethldlum bromide solution added. The refractive Index of the 
solution was adjusted to 1.400 by the addition of solid caesium chloride 
(optical grade, Boehringer, FRG). The preparation was centrlfuged at 
210,000 g for 16 hours at 15°C (Sorvall TV-865 vertical rotor). 
Following centrlfugatlon two bands were observed. The lower band, 
corresponding to covalently closed circular plasmld DNA, was removed by 
Inserting a sterile syringe needle through the tube. Excess ethldlum 
bromide was removed from the DNA by extracting five times using water 
saturated N-butanol. The DNA was precipitated by the addition of 2 volumes 
of TE buffer and 3 volumes of Isopropanol. The mixture was then dispensed 
Into 1 ml allquots and after 30 minutes at room temperature, the 
precipitated DNA pelleted by centrlfugatlon at 11,000 g for 30 minutes. 
2.4.10 Large scale preparation of lambda DNA 
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Approximately 10 pfu of the recombinant phage of Interest were grown 
overnight on each of ten 140 mm LB agar plates. (See section 2.2.7 for 
titration of phage stock). To each plate was added 5 ml of SM buffer. The 
top layer including any liquid was scraped off into a 200 ml centrifuge 
bottle. Chloroform was added to 0.3%(v/v) and the preparation shaken 
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vigorously for 5 minutes followed by centrifugation at 4,000 g and 4°C for 
10 minutes. The supernatant was filtered to remove agar debris, then 
adjusted to 0.5 M NaCl and 10%(w/v) polyethylene glycol 6000. This 
suspension was incubated on ice for 2 hours before centrifugation at 4,000 g 
and 4 C for 15 minutes. The supernatant was removed and the pellet 
redissolved in 8 ml of 10 mM MgCl„. Caesium chloride (optical grade, 
Boehringer, FRG) was added to produce a final optical density of 1.380. The 
suspension was centrifuged for 24 hours at 180,000 g and 4 C in a fixed 
angle rotor. 
Following centrifugation the band containing the phage particles was 
removed and dialysed against several changes of 10 mM MgCl. at room 
temperature to eliminate excess CsCl . Proteinase K (Boehringer, FRG) was 
added to 50 ug ml and the preparation incubated at 65 G for one hour. An 
equal volume of phenol (equilibrated with 10 mM TrisCl pH 7.5) was added and 
the extraction carried out by gentle mixing for 10 minutes. The viscous 
aqueous phase was dialysed against several changes of TE buffer (pH8.0) to 
remove any remaining phenol and the phage DNA concentrated by ethanol 
precipitation. 
2.5 ANALYSIS OF RNA 
2.5.1 Electrophoresis of RNA 
RNA samples were electrophoresed on partially denaturing formaldehyde-
agarose gels as described by Inglis and Darby (1981). 
A l7o(w/v) agarose solution was made in Ix MOPS buffer pH7.0 (40 mM 
MOPS, 10 mM sodium acetate, 1 mM EDTA) containing 2.4%(v/v) formaldehyde. 
Gels were cast in 140 mm x 114 mm horizontal gel tanks (BRL, USA). 
The RNA samples to be analysed were recovered from ethanol and 
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resuspended in 25 ul of Ix sample buffer (50%(v/v) deionised formamide, Ix 
MOPS buffer (pH7.0), 7%(v/v) formaldehyde, 6%(v/v) glycerol, 0.1%(w/v) 
bromophenol blue). Samples were heated to 65 C for 5 minutes and cooled to 
room temperature before loading. Electrophoresis was carried out under Ix 
MOPS buffer at 10 v cm . Following electrophoresis gels were stained by 
incubation in a 10 ug ml ethidium bromide solution or the RNA was 
transferred to nylon membranes for hybridisation studies. 
2.5.2 Northern blotting of RNA 
A low pressure vacuum system was used to transfer RNA from agarose gels 
to nylon membranes (Hybond-N, Amersham, UK). 
Following electrophoresis, gels were washed in several changes of 
deionised water, then soaked in 50 mM NaOH, 10 mM NaCl for 45 minutes to 
partially hydrolyse the RNA. This facilitated the transfer of high 
molecular weight RNA. Gels were then neutralised in 0.1 M TrisCl pH7.5, 
before being soaked in 20 x SSC (3 M NaCl, 0.3 M trisodium citrate) for one 
hour. Transfer was performed in 20 x SSC on a 2016 vacugene vacuum blotting 
system (LKB, Sweden) using a vacuum pressure of 40 cm H„0 for 2 hours. 
After transfer, membranes were washed in 3 x SSC, air dried and the RNA 
Immobilised by irradiation for 5 minutes on a UV transluminator (UV Products 
Inc, USA). 
2.5.3 Hybridisation of probe to Northern blots 
Filters containing bound RNA were probed using either radiolabelled 
insert DNA (section 2.4.6) or radiolabelled riboprobes (section 2.5.5). The 
hybridisation procedures were identical except that in the RNA-RNA 
hybridisations yeast tRNA (150 ug ml ) was included as a binding 
competitor. 
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Prehybrldisatlon of the membrane filters was carried out to precoat the 
sites that could bind probe non-speclfically. Prehybrldisatlon was 
performed at 42 C for 12 hours in sealed plastic bags containing 50%(v/v) 
deionlsed formamide, 5x Denhardt's solution (0.1%(w/v) ficoll, 0.1%(w/v) 
polyvinyl pyrrolidone, 0.1%(w/v) bovine serum albumin, 0.05%(w/v) SDS), x2 
SSC and 100 ug ml salmon sperm DNA (denatured by boiling for 5 minutes). 
The membrane filters were hybridised using approximately 5 x 10 cpm of 
7 8 -1 
radiolabelled probe of specific activity 10 - 10 cpm ug~ which was added 
directly to the prehybrldisatlon buffer. Hybridisation was carried out at 
42 C for 16 hours. The filters were then removed from the plastic bags and 
washed twice in x2 SSC, 0.1%(w/v) SDS for 10 minutes at room temperature and 
twice in xO.l SSC, 0.1%(w/v) SDS for 20 minutes at 50°C. After washing the 
membrane filters were air dried and exposed at -80 C to Fuji RX X-ray film 
in the presence of an intensifying screen. The length of exposure depended 
on the strength of the hybridisation signal. 
2.5.4 In vitro translation 
The polypeptide profile of the translatable portion of F. hepatica RNA 
was determined by incubation in a message dependent cell free translation 
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system. Included in the reaction mixture was [ S] methionine, allowing the 
translation products to be visualised by fluorography (section 2.8.4) 
following SDS PAGE (section 2.8.2). 
Approximately 10 ug of RNA was recovered from ethanol by 
centrifugation. The pellet was dissolved in 2 ul of human placental 
— 1 '^S 
ribonuclease inhibitor (25 u ul , Amersham, UK) and 2.5 ul [ S] 
methionine (1,330 Ci mmol" , 10 uCi ul~ ). To this was added 25 ul of 
rabbit reticulocyte lysate (Amersham, UK). The reactants were mixed gently 
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and Incubated for 2 hours at 30 C. The translation products were mixed with 
an equal volume of protein solubilizer and analysed by SDS PAGE. 
2.5.5 In vitro transcription 
Riboprobes were synthesised from F. hepatica inserts in Bluescript SK 
using the T7 and T3 RNA polymerases. The T7 and T3 RNA polymerase promoters 
in Bluescript SK direct RNA synthesis in opposite orientations. 
Biotinylated RNA probes were used in in situ hybridisation studies on 
F. hepatica sections. Radiolabelled RNA probes were used on northern blots 
of F. hepatica RNA. 
Plasmid DNA (20 ug) was digested in a 100 ul reaction volume for 
4 hours at 37 C using the appropriate restriction enzyme. For transcription 
using T3 RNA polymerase the plasmid DNA was linearised using Hindlll, if T7 
RNA polymerase was to be used the plasmid DNA was linearised using BamHl. 
Transcriptions were carried out for one hour at 37 C in 40 mM TrisCl 
pH7.2, 6 mM MgCl_, 20 mM DTT containing rATP, rCTP and rGTP (each at a 
-1 32 
concentration of 400 uM) and 20 u RNasin (25 u ul , Amersham, UK). For P 
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labelled riboprobe synthesis, 14 uM rUTP and 10 uCi P rUTP (20 mCi ml , 
800 Ci mmol , Amersham, UK) were Included in the reaction mixture. For 
biotinylated probes Biotln 11 rUTP (BRL, USA) was Included to 400 uM. 
Radiolabelled transcripts were synthesised in a 25 ul reaction volume 
using 1 ug of linearised template. Biotinylated transcripts were 
synthesised in a 50 ul reaction volume using 2 ug of linearised template. 
T7 (Amersham, UK) or T3 (Boehrlnger, FRO) RNA polymerase was added at 40 U 
ug of template. 
Following incubation at 37 C for one hour, 30-60 U of RNase free DNase 
(Boehrlnger, FRG) was added and the reactions incubated for a further 
15 minutes at 37 C. Unincorporated nucleotides were removed by spun column 
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chromatography (see section 2.3.5) using columns that had been equilibrated 
using DEPC treated water. Incorporation was detected by scintillation 
counting (see section 2.3.7) in the case, of radiolabelled probes or as 
described in section 2.3.8 for biotinylated probes. 
2.6 cDNA CLONING 
2.6.1 RNA extraction 
Following recovery from infected animals, fluke were incubated for 
2-3 hours at 37°C in several changes of TBS. They were then transferred to 
20 ml of cell lysis buffer pH7.0 (4.2 M guanidinium isothiocyanate (BRL, 
USA), 17 mM sodium lauryl sarcosinate, 25 mM sodium citrate pH7.0, 0.7%(v/v) 
2-mercaptoethanol, 0.33%(v/v) 30% Sigma antifoam C suspension) (Kaplan et al 
1979) and homogenised for 30 seconds in a glass/teflon homogeniser. 
The homogenate was layered onto a 12 ml caesium chloride cushion (5.7 M 
CsCl in 25 mM sodium acetate pH5.0, RI adjusted to 1.4010) in a 35 ml 
centrifuge tube and the RNA pelleted by centrifugation at 25,000 g and 15 C 
for 16 hours. The RNA was resuspended in 0.6 ml of guanidlne HCl (7.5 M in 
25 mM sodium citrate pH7.0, 5 mM DTT) and precipitated by the addition of 
l/40th vol 1 M acetic acid and 1/2 vol absolute ethanol. 
2.6.2 Selection of poly A RNA from total cellular RNA 
Poly A RNA was isolated by oligo dT cellulose affinity chromatography 
according to the method described by Edmunds et al (1971). 
To prepare an oligo dT cellulose column, 0.15 g of oligo dT cellulose 
type 2 (Collaborative Research Inc, USA) was soaked for one hour in 10 ml 
binding buffer (200 mM NaCl, 10 mM HEPES (pH7.6), 1 mM EDTA). The 
suspension was then poured into the barrel of a 5 ml plastic syringe which 
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had previously been plugged with sterile siliconized glass wool. The column 
was equilibrated by passing 10 ml of binding buffer through it. 
Total cellular RNA was recovered from ethanol, resuspended in 1.5 ml 
binding buffer and heated to 65°C for 5 minutes before being cooled on ice. 
The RNA solution was then passed four times over the column at a flow rate 
not exceeding 200 ul min~ . The column was then washed using 5 ml of 
binding buffer. Bound RNA was eluted using 2 ml of sterile water and 
collected in 100 ul aliquots. Those aliquots containing poly A RNA were 
identified by measurement of A„,- nm (see section 2.3.6) and the poly A RNA 
recovered from the appropriate samples by ethanol precipitation. 
2.6.3 cDNA synthesis 
The method used was based on that described by Gubler and Hoffman 
(1983). Adaptations Included the use of methyl mercury to remove secondary 
structures in the RNA template and the omission of DNA ligase from the 
second strand synthesis reaction. 
The RNA was primed using oligo dT which selected for molecules 
containing a poly A tract. First strand cDNA synthesis was followed by 
removal of the RNA template using RNaseH, concurrent with synthesis of the 
second strand cDNA by DNA polymerase 1. The double stranded cDNA was 
blunt-ended using the 3'—>5' exonuclease activity of T4 DNA polymerase, 
facilitating ligation of the cDNA to EcoRl linker molecules prior to 
insertion into Agtll. 
Poly A RNA was recovered from ethanol and approximately 4 ug was 
redissolved in 10 ul of lOmM methyl mercury containing 25u human placental 
ribonuclease inhibitor (Amersham, UK). The solution was incubated at 65°C 
for 5 minutes and allowed to cool to room temperature before the addition of 
4 ul of 700mM 2-mercaptoethanol. This was to chelate any uncomplexed methyl 
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mercury which could reduce the efficiency of reverse transcription. The RNA 
ijas then primed for 20 minutes at room temperature subsequent to the 
addition of a 20 ul solution containing 4 ug ollgo dT ... .j.. and 25 u human 
placental ribonuclease inhibitor. 
Reverse transcription was carried out for one hour at 37 C in a final 
volume of 100 ul using 1000 u Moloney murine leukemia virus reverse 
transcriptase (2000 u ul" BKL, USA) in the presence of 96 n moles each of 
dATP, dCTP, dGTP and dTTP. The reaction buffer comprised 50 mM TrisCl 
(pH7.5), 75 mM KCl, 3 mM MgCl and 10 mM DTT. The reaction was terminated 
by the addition of EDTA to 2.5 mM and the DNA/RNA deproteinlzed (see section 
2.3.1) and recovered from solution by ethanol precipitation (see section 
2.3.2). 
The DNA/RNA was resuspended in 90 ul of a 50 mM TrisCl (pH7.6), 100 mM 
KCl, 10 mM (NH,)- SO,, 5mM MgCl , 5 mM DTT, 0.1 mM NAD*" solution containing 
45 n moles of each dNTP. To this was added 2 u RNaseH and 20 u DNA 
polymerase 1. The reactants were Incubated for 2 hours at 16 C, heated to 
70 C for 10 minutes and allowed to cool to room temperature. The double 
stranded cDNA was blunt-ended by the addition of 20 u T4 DNA polymerase 
followed by incubation at 37 C for 10 minutes. The cDNA was deproteinlzed 
and ethanol precipitated as described previously. 
In order to monitor the progress of cDNA synthesis, 1/lOth vol aliquots 
were removed from both the first and second strand reactions following the 
addition of enzyme and added to Eppendorf tubes containing 20 u Ci [di. p] 
dCTP (800 Ci/mmol, Amersham UK). The label-containing aliquots were 
Incubated in parallel to the first and second strand synthesis reactions and 
following deproteinization were passed through a Sephadex G-50 spin column 
to remove unincorporated nucleotides (see section 2.3.5). The radioactivity 
Incorporated in each strand was measured by scintillation counting (see 
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section 2.3.7) enabling estimation of the amount of double stranded cDNA 
synthesised and hence the efficiency of each stage of the reaction to be 
calculated. The size of the first and second strand cDNA transcripts was 
determined by electrophoresing samples containing 20,000 cpm on l%(w/v) 
alkaline agarose gels as described in Maniantis et al (1982) (pp 171). 
Following electrophoresis the gels were fixed for 30 minutes in 77o(w/v) 
trichloroacetic acid, dried under vacuum at 80 C onto Whatmann 3 mm paper 
and exposed at -80 C to Fuji RX x-ray film using an intensifying screen. 
2.6.4 Cloning procedure 
The blunt-ended cDNA, prepared as described in section 2.6.3, was 
inserted into the unique EcoRl site of the bacteriophage vector Xgtll using 
a method based on that of Hunyh et al (1985). 
The procedure consisted of four major steps: 
(i) protection of internal EcoRl sites in the cDNA by 
methylation; 
(ii) addition of EcoRl cohesive ends to the cDNA using synthetic 
linker molecules; 
(iii) ligation of the cDNA to EcoRl cut dephosphorylated DNA; 
(iv) in vitro packaging of the ligation reaction and titration 
of recombinants. 
2.6.4.1 EcoRl methylation reaction 
The methylation of EcoRl sites on the cDNA was carried out to protect 
the cDNA from EcoRl digestion when cohesive ends were generated on the 
synthetic linkers. 
Approximately 500 ng of double stranded blunt-ended cDNA was recovered 
from ethanol and the pellet resuspended in 19 ul of a solution comprising 
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50 mM TrlsCl pH7.5, 5 mM DTT, 1 mM EDTA and 10 um S-adenosyl-L-methionine. 
To this was added 1 ul of EcoRl methylase (20 u ul , Amersham, UK). The 
methylation reaction was carried out at 37 C for one hour. The EcoRl 
methylase was then deactivated by incubation at 70 C for 10 minutes. 
2.6.4.2 Addition of EcoRl cohesive ends to cDNA 
This reaction was carried out in two stages. Firstly synthetic linker 
molecules were ligated to the blunt-ended cDNA. This resulted in the 
attachment of oligomers of linker molecules to the cDNA. The second stage 
of the reaction involved removal of the excess linker molecules by EcoRl 
digestion. 
To the EcoRl methylation reaction (section 2.6.4.1) was added 3 ul of 
lOx ligase buffer (660 mM TrisCl pH7.5, 50 mM MgCl , 50 mM DTT, 10 mM ATP 
pH7.5) and 2 ul of EcoRl linker molecules (500 ng ul" , Amersham, UK). The 
reactants were mixed gently and 2 ul of T4 DNA ligase (2.5 u ul , Amersham, 
UK) was added. The ligation reaction was carried out at 15 C for 20 hours. 
The ligase was then inactivated by heating to 70 C for 10 minutes. 
To the ligation reaction was added 10 ul of 100 mM TrisCl pH7.5, 1 M 
NaCl, 70 mM MgCl-, 70 mM 2-mercaptoethanol, followed by 58 ul of sterile 
water and 2 ul of EcoRl (60 u ul Amersham, UK). The reactants were mixed 
and incubated at 37 C for 3 hours. The reaction was then stopped by the 
addition of EDTA to 2 mM. 
In order to allow the above reactions to be monitored, radiolabelled 
linker molecules were used. 
2.6.4.3 Kination of EcoRl linkers 
5 ul of EcoRl linkers (500 ng ul" Amersham, UK) were added to 18 ul of 
10 mM TrisCl pH7.4, 10 mM DTT, 10 mM MgCl . To this was added 10 u of T4 
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polynucleotide kinase (10 u ul Amersham, UK) and 1 ul [^  p] dATP 
(10 mCi , 3000 Ci mmol , Amersham, UK). The reactants were incubated at 
37 C for one hour and then at 65 C for 5 minutes. After cooling to 37 C, 
2 ul of 50 mM ATP pH7.0 and a further 10 u of T4 polynucleotide kinase were 
added. The above incubations were then repeated. The kinased linkers were 
stored at -20°C. 
The linker cDNA ligation and the removal of excess linkers by EcoRl 
digestion were analysed by electrophoresis of aliquots of the reactions on 
polyacrylamide gels as described in Sambrook et al (1989) (sections 6.39 to 
6.45). 
2.6.4.4 Separation of excess EcoRl linkers from cDNA 
The method used involved separation of linkers and cDNA on columns 
purchased from Amersham, UK. 
The columns were equilibrated by passing 2 column volumes of STE buffer 
pH8.0 (100 mM NaCl, 10 mM TrisCl pHB.O, ImM EDTA) through them. 
The EcoRl digestion reaction was then loaded onto the column. When it 
had soaked in, 100 ul of STE buffer was added and the eluate was collected 
in an Eppendorf tube. To the column was then added 200 ul of STE buffer, 
the eluate being collected in a second tube. This process was repeated 
until 10 fractions had been collected. 
From each 200 ul fraction a 10 ul aliquot was removed and the 
radioactivity present was estimated by scintillation counting (see section 
2.3.7). Two peaks were observed, one corresponding to kinased linkers 
attached to the cDNA, the other to kinased linkers removed by EcoRl 
digestion. The fractions containing the linkered cDNA were identified, 
pooled and the DNA recovered by ethanol precipitation. 
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2.6.4.5 Ligation of cDNA with EcoRl digested gtll DNA 
The llnkered cDNA was recovered from ethanol and redissolved In 8 ul of 
66 mM TrlsCl pH7.5, 5 inM MgCl2, 5 mM DTT, 1 mM ATP pH7.5. To this was added 
1 ul of dephosphorylated EcoRl digested Xgtll arms (500 ng ul , Amersham, 
UK) and 1 ul of T4 DNA llgase (2.5 u ul~ Amersham, UK). The reactants were 
mixed gently and incubated at 15 C for 20 hours. 
2.6.4.6 In vitro packaging 
To each ligation reaction was added 10 ul of sonicated extract and 
15 ul of freeze thaw lysate (both donated by M.A. Afzal, Dept. Biol, 
Q.U.B.). After gentle mixing, the reaction was incubated for one hour at 
25°C. To the packaging reaction was then added 0.5 ml of SM buffer (section 
2.2.7) and 20 ul of chloroform. 
2.6.4.7 Titration of Xgtll recombinants 
The unique EcoRl site in Xgtll is situated near the 3' end of the lacZ 
gene. Sequences inserted at this site disrupt the synthesis of 
galactosidase. In order to distinguish between recombinant and non 
recombinant phage, the chromogenic galactosidase substrate x-gal and the 
inducer IPTG were included in the growth medium. 
The titration of packaged phage was carried out as described in section 
2.2.7 except that x-gal and IPTG (section 2.2.3) were added to the molten LB 
agarose to 0.02%(w/v) and to 1 mM respectively. 
Following overnight incubation at 43 C, recombinant phage produced 
clear plaques while non recombinant phage produced blue plaques (Hunyh et al 
1985). 
In order to determine the level of background false recombinants, a 
titration was carried out using packaged phosphorylated EcoRl cut Xgtll, 
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ligated in the absence of Insert DNA. The background level of Insert 
Independent false recombinant phage could then be subtracted when estimating 
the cloning efficiency. 
2.6.5 Screening of Agtll library 
Bacteriophage were plated out on E. coll Y1090 on 140 mm LB agar 
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ampicillin plates at a density of approximately 2.5 x 10 recombinants per 
plate (see section 2.6.4.7) and incubated for 4 hours at 43 C. A 
nitrocellulose filter (pore size 0.45 um, Schleicher and Schuell, FRG) which 
had previously been soaked in 10 mM IPTG and then dried was lowered onto the 
bacterial lawn. The position of the filter was marked by piercing it at 
several points using a sterile needle. The plates were then incubated at 
37°C for 2 hours. 
The filter was removed and washed for 3 x 10 minutes in PBS, then 
Incubated at room temperature for one hour in PBS containing 10%(w/v) dried 
milk concentrate. F. hepatica infected sheep serum (see section 2.6.6) or 
antl F. hepatica monoclonal antibody (see section 3.5) was then added to 
0.5%(v/v) and the filter incubated overnight at 4 C with agitation (50 
cycles min~ , KSIO Shaker, Edmund Buhler, FRG). The filter was removed, 
washed for 3 x 15 minutes in PBS, 0.05%(v/v) Tween 20 and then transferred 
to PBS containing 10%(w/v) dried milk concentrate, 0.057o(v/v) Tween 20 and 
0.1%(v/v) anti sheep IgG (or in the case of screening using monoclonal 
antibody, anti mouse IgG) alkaline phosphatase conjugate (both Sigma, USA). 
The filter was Incubated at room temperature with agitation for 2 hours, 
then washed for 3 x 15 minutes in PBS, 0.05%(v/v) Tween 20 before being 
transferred to 15 ml of 0.1 M TrisCl pH9.5, 0.1 M NaCl, 0.01 M MgCl . To 
this was added 10 ul of nitrobluetetrazolium (25%(w/v) in 70%(v/v) 
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dlmethylformamide) and 100 ul of 5-broino-4-chloro-3- indoyl phosphate 
(5%(w/v) in dimethylformamlde). 
The filter was incubated for approximately 10 minutes at room 
temperature to reveal the presence of bound alkaline phosphatase molecules. 
The reaction was stopped by washing the filter in water. 
Positive signals were related to individual plaques by orientation of 
the filter to the plate. Plaques identified in this manner were cored out 
using a Pasteur pipette, added to 0.5 ml of SM buffer, then plated out and 
rescreened. This process was repeated until all the plaques on a plate 
produced a positive signal. 
2.6.6 Absorption of sheep serum 
In order to reduce background reactivity to E. coli antigens (see 
section 3.5), sera from infected sheep were incubated with lysed immobilised 
E. coli. 
E. coli strain Y1090 was grown overnight at 37°C in 50 ml L-broth 
ampicillin. The cells were pelleted by centrifugation at 3,000 g for 
3 minutes and resuspended in 1 ml of PBS. The cells were lysed by being 
snap frozen in liquid nitrogen and then allowed to warm to room temperature. 
This procedure was carried out three times. The lysate was clarified by 
centrifugation at 12,000 g for 30 seconds. The protein concentration in the 
supernatant was estimated as described in section 2.10.5, 10 mg of protein 
was then added to activated Sepharose 4B (Sigma, USA) suspended in 5 ml of 
0.1 M NaHCO , 0.5 M NaCl. The mixture was stirred overnight at 4°C before 
being washed in PBS using a sintered glass funnel. Remaining reactive 
groups were blocked by incubating the Sepharose in 1 M ethanolamine pHS.O 
for 1 hour at room temperature. The Sepharose was then washed four times in 
PBS containing 0.1 mM sodium azide. 
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Antisera were incubated overnight with an equal volume of the E. coli -
Sepharose 4B on a rotary mixer at 4 C. The serum was removed and incubated 
with a fresh sample of E. coli - Sepharose 4B at 4 C for 12 hours. The 
absorbed serum was removed and stored at 4 C until use. 
2.7 GENOMIC DNA LIBRARY CONSTRUCTION 
2.7.1 Extraction of F. hepatica genomic DNA 
Approximately 1 g of wet weight F. hepatica was homogenised (see 
section 2.6.1) in 5 ml of 1 x SSC (0.15 M NaCl, 0.015 M trisodium citrate). 
To the homogenate was added 5 ml of 100 mM TrisCl pH7.5, 100 mM NaCl, 10 mM 
EDTA, 35 mM N-lauryl sarcosine. After gentle mixing for 3 minutes to lyse 
the cells, proteinase K (Boehringer, FRG) was added to 100 ug ml . After a 
2 hour incubation at 55 C the DNA was extracted using phenol, phenol 
chloroform and chloroform as described by Maniatis et al (1982) 
(pp 458-459). Care was taken to ensure that the mixing was carried out very 
gently. The final aqueous phase was dialysed for 24 hours against 3 1 of 
10 mM TrisCl pH7.5, 1 mM EDTA, 100 mM NaCl. Following dialysis the nucleic 
acid concentration was estimated by spectrophotometry (see section 2.3.6). 
2.7.2 Partial digestion of DNA 
From the DNA prepared as described above, 180 ul (approximately 200 ug) 
was dispensed into a microcentrifuge tube containing 20 ul of 10 x Sau 3A 
restriction buffer (Amersham, UK). A 40 ul aliquot was removed and 
dispensed into another microcentrifuge tube, 20 ul aliquots were dispensed 
into 8 further tubes. The tubes were labelled 1-9. To the first tube was 
added 10 units of Sau 3A (Amersham, UK). The reactants were mixed and a 
fresh tip used to transfer 20 ul of the reaction mixture to tube 2. This 
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procedure was repeated for tubes 3-8. Nothing was added to tube 9. The 
reactions were incubated at 37 C for 30 minutes, then placed on ice. 
The size distribution of the partially digested DNA was analysed by 
running 10 ul allquots from each reaction on a 0.3%(w/v) agarose gel. The 
desired partial digestion conditions were determined by masking of the DNA 
in the gel greater than 50 kb and less than 40 kb. 
The correct enzyme dilution was the one more partial than that which 
produced the greatest amount of DNA In this size range (Seed et al 1982). 
When the required digestion conditions had been identified, the 
reaction was scaled up and performed using 100 ug of DNA. Following 
digestion the sample was electrophoresed on a 0.3%(w/v) agarose gel and the 
DNA between 40 kb and 50 kb excised from the gel, recovered from the agarose 
as described by Maniatis et al (1982) (pp 164-165), and ethanol 
precipitated. 
2.7.3 Preparation of vector DNA 
The cosmld vector pHC79 was prepared for ligation by complete digestion 
using BamHl (Amersham, UK). (section 2.4.1). To reduce the likelihood of 
vector self-llgatlon, the digested pHC79 DNA was treated with calf 
intestinal alkaline phosphatase as described by Maniatis et al (1982) 
(pp 133-134). 
2.7.4 Ligation reaction 
Ligations were carried out with roughly 3 ;^ g of size fractionated 
Sau 3A digested F. hepatica DNA and l>^g of desphosphorylated BamHl digested 
pHC79 DNA using the buffer, enzyme and incubation temperature conditions 
described in section 2.8.3. 
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2.7.5 In vitro packaging 
From each ligation reaction 4 ul allquots were removed and packaged as 
described in section 2.6.4.6. Packaging reactions were added to 1 ml of SM 
buffer (section 2.2.7) and stored at 4 C. 
2.7.6 Plating out of library 
Plating cells were prepared by growing E. coll strain ED8767 0/N at 
37°C in L broth containing 10 mM MgSO. and 0.1%(w/v) maltose. 
To each 1 ml of diluted packaging reaction (see section 2.7.5) was 
added 10 ml of ED8767 0/N culture. The cells were then Incubated at 37 C 
for 30 minutes, 25 ml of prewarmed L-broth was added and the culture 
Incubated for a further 1 hour at 37 C. 
The cells were pelleted by centrifugatlon at 2,000 g for 5 minutes and 
resuspended in 1.2 ml of L-broth. 400 ul of this suspension was spread onto 
each of three 140 mm LB-tetracycllne plates which had previously been 
overlayed with nylon filters (Hybond-N, Amersham, UK). The plates were 
inverted and Incubated overnight at 37 C. 
2.7.7 Screening of library 
Replica filters were prepared from the above originals as described by 
Little (1987). Colonies on the replica filters were lysed by placing the 
filter onto 0.5 M NaOH, 1.5 M NaCl for 5 minutes, then 3 M sodium acetate 
pH5.5 for 5 minutes. The filters were air dried and the DNA fixed by U-V 
irradiation for 5 minutes (see section 2.5.2). Before prehybrldisatlon the 
filters were washed in excess 5 x SSC. 
Prehybrldisatlon was carried out as described in section 2.5.3. To the 
prehybrldisatlon mixture was added 10 cpm of radiolabelled S. mansonl DNA 
(see Chapter 6). Following hybridisation overnight at 42°C, filters were 
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washed as described In section 2.5.3 and exposed to Fuji RX x-ray film at 
-80°C in the presence of an intensifying screen. 
p:. Positive identification of hybridising colonies proved difficult (see 
Chapter 6). Therefore all the colonies in the vicinity of the positive 
signal were picked using sterile toothpicks and streaked onto nylon filters 
overlayed on LB-tetracycline plates. Following overnight growth at 37 C, 
replica filters were made and hybridisation was carried out as described 
above. 
f Positively identified hybridising colonies were used to inoculate 
1 1 of L-broth-tetracycline. The procedure described in section 2.4.9 was 
then followed and the recombinant cosmid DNA recovered. 
2.8 SUBCLONING OF F. HEPATICA SPECIFIC DNA FRAGMENTS 
2. Fasciola hepatica cDNA Inserts were subcloned from Agtll into the 
Bluescript SK plasmid (Stratagene, USA). The use of this vector 
facilitated both the sequencing of the F. hepatica inserts and the 
production of radiolabelled or biotinylated riboprobes. 
'2.8.1 Preparation of vector DNA 
f-. Bluescript DNA was restricted using EcoRl as described in section 
2.4.1, deproteinised and ethanol precipitated. The digested DNA was 
recovered by centrifugation and resuspended in sterile water at a 
concentration of 10 ng ul~ . In order to reduce the probability of self 
ligation the vector DNA was then treated with calf intestinal alkaline 
phosphatase (Boehringer, FRG) as described in Maniatis et al (1982) 
Xpp 133-134). 
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2.8.2 Preparation of insert DNA 
F. hepatica specific inserts were obtained by digesting recombinant 
g^tll DNA with EcoRl and electrophoresing the excised fragments onto DEAE 
jnembranes as described in section 2.4.5. The DNA was ethanol precipitated 
and resuspended in sterile water at a concentration of 10 ng ul . 
2.8.3 Ligation of insert and vector DNA 
Ligations were carried out using a 3:1 molar ratio of insert to vector 
DNA. The ligation buffer consisted of 66 mM TrisCl pH7.5, 5 mM MgCl , 5 mM 
DTT and 1 mM ATP. Ligations were carried out in a volume of 20 ul (DNA 
concentration of 2 ng ul~ ) at 15 C for 20 hours using 2 units of T4 DNA 
ligase (Amersham, UK). 
2.8.4 Transformation of competent cells 
E. coli JM109 cells competent for transformation were prepared as 
described in section 2.2.5. To 100 ul of competent cells was added 40 ng 
(20 ul) of annealed DNA. The cells were incubated on ice for 45 minutes, 
heated to 45 C for 90 seconds and then placed on ice for 5 minutes. To the 
cells was then added 900 ul of L-broth. The culture was incubated at 37°C 
for 30 minutes before X-gal (2%(w/v), Sigma, USA) was added to 10%(v/v) and 
IPTG (100 mM, Sigma, USA) to 3%(v/v). Aliquots (100 ul) of the transformed 
culture were then plated out onto LB-ampicillin plates and incubated 
overnight at 37°C. 
Recombinants produced white colonies while non recombinants produced 
blue colonies. Recombinant colonies were tested for the presence of 
P. hepatica inserts by in situ colony hybridisation (see section 2.7.7). 
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2.9 DOUBLE STRANDED DNA SEQUENCING 
The enzymatic method of sequencing employed involved the hybridisation 
of a primer to the template to be sequenced, and the extension of this 
primer by a DNA polymerase, the reaction continuing until the incorporation 
of a chain terminating nucleotide. 
2.9.1 Sequencing reactions 
Each sequence determination was carried out as four individual 
reactions, each of which contained the four normal deoxynucleotides 
(dNTP's), augmented with a different chain terminating dideoxynucleotide 
(ddNTP). As ddNTP's lack the 3'-0H group necessary for chain elongation, 
the growing molecule was terminated selectively at A, C, G or T depending on 
the particular ddNTP present in the reaction mixture (Sanger et al 1977). 
The size distribution of the terminated chains depended on the ratio of 
dNTP to ddNTP. Two batches of nucleotide mixes were made up using deoxy-
and dideoxynucleotides (Sigma, USA) for short and long range sequencing 
reactions. The short range mixes were used to read from the primer to about 
250 bases downstream. The long range mixes were designed to allow sequence 
analysis from about 50 to 600 bases downstream of the primer, thereby 
covering as much of the insert as possible without having to subclone. 
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Short range mixes (In 10 mM TrlsCl pH7.0) 
A°ddA 0.01 mM dATP, 0.08 mM dGTP, 0.08 mM dTTP, 
0.15 mM ddATP 
C°ddC 0.06 mM dATP, 0.06 mM dGTP, 0.06 mM dTTP, 
0.01 mM ddCTP 
G°ddA 0.08 mM dATP, 0.01 mM dGTP, 0.08 mM dTTP, 
0.01 mM ddGTP 
T°ddC 0.08 mM dATP, 0.08 mM dGTP, 0.06 mM dTTP, 
0.37 mM ddTTP 
Long range mixes (in 10 mM TrlsCl pH7.0) 
A°/ddA 0.01 mM dATP, 0.08 mM dGTP, 0.08 mM dTTP, 
0.075 mM ddATP 
C°/ddC 0.06 mM dATP, 0.06 mM dGTP, 0.06 mM dTTP, 
0.05 mM ddCTP 
G°/ddA 0.08 mM dATP, 0.01 mM dGTP, 0.08 mM dTTP, 
0.075 mM ddGTP 
T°/ddC 0.08 mM dATP, 0.08 mM dGTP, 0.006 mM dTTP, 
0.125 mM ddTTP 
It was found that certain regions in the insert were difficult to 
sequence due to the formation of secondary structures in the template. To 
overcome this dGTP was replaced in the reaction mixes by equlmolar amounts 
of 7-deaza-dGTP (Boehringer, FRG), the presence of which reduces secondary 
structure formation. 
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In this study the sequencing reactions were performed using double 
stranded (plasmid) DNA. It was necessary to denature the supercoiled DNA 
before annealing the primer to the template (Chen and Seeburg 1985). 
Approximately 2 ug of the template DNA was recovered from ethanol and 
redissolved in 20 ul of 0.2 M NaOH, 0.2 mM EDTA. After 5 minutes at room 
temperature the denaturing reaction was neutralized by the addition of 2 ul 
of 2 M ammonium acetate pH5.4. The DNA was then precipitated on ice for 
20 minutes following the addition of 2 vols absolute ethanol. The 
precipitated DNA was recovered by centrifugation and the pellet resuspended 
in 8.5 ul of 10 mM TrisCl pH7.5, 0.1 mM EDTA. To this was added 2 ul (5 ng) 
of the required sequencing primer (see below), 2 ul of 400 Ci mmol 
[cK p]dCTP (Amersham, UK) and 1.5 ul of 16.7x annealing buffer (833 mM 
TrisCl pH7.5, 83 mM MgCl-, 83 mM DTT, 16.7 mM EDTA). The annealing reaction 
was carried out at 37°C for 15 minutes. The reaction was cooled to room 
temperature and 1 ul of DNA polymerase klenow fragment (4 u ul Amersham, 
UK) was added. After gentle mixing, 3 ul aliquots of the reaction mixture 
were dispensed into each of four tubes labelled A, C, G and T respectively. 
To the side of each tube was added 2 ul of the appropriate N /ddN mixture. 
The tubes were centrifuged briefly to start the reactions and incubated for 
15 minutes at 37 C. Each reaction was then stopped by the addition of 4 ul 
of formamide dye mix (0.1%(w/v) bromophenol blue, 0.1%(w/v) xylene cyanol, 
10 mM EDTA in deionised formamide). Samples were boiled for 2 minutes and 
cooled on ice before being applied to sequencing gels. 
2.9.2 Gel electrophoresis of sequencing reactions 
Sequencing reaction products were separated using 4% or 6% 
polyacrylamide, 7 M urea gels run in a continuous buffer system of 90 mM 
Tris-borate (pH8.3), 1 mM EDTA. 
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Gels measuring 42 x 21 cm were poured between two glass plates using 
the LKB 2010-100 macromould gel casting system. The lower thermostatic 
plate was coated with repel-sllane (2%(v/v) dlmethyldlchloro-sllane In 
1,1,1, trlchloroethane). The upper plate was coated with bind sllane 
(0.05%(w/v) (methacryloxy) -propy trlmethoxy sllane, 1.5%(v/v) acetic acid 
In absolute ethanol), a covalent bond enhancer which facilitated adherence 
of the polyacrylamlde to the treated plate. 
The plates were separated along their length by plastic spacers of 
0.2 mm thickness. Wedges of 0.1 mm thickness were placed on top of the 
spacers 10 cm from the bottom of the upper plate. This Increased the 
thickness of the lower part of the gel. Inducing a voltage gradient during 
electrophoresis which acted to Increase band separation at the top of the 
gel. 
Gel Components 
4% (6%) polyacrylamlde gel 
40%(w/v) acrylamlde solution 5 ml (7.5 ml) 
urea (analar grade, BDH, UK) 21 g 
10 X TBE buffer pH8.3 5 ml 
10%(w/v) ammonium persulphate 0.25 ml 
TEMED 0.025 ml 
delonlsed water 22 ml (19.5 ml) 
40%(w/v) acrylamlde refers to a 38%(w/v) acrylamlde, 2%(w/v) 
bls-acrylamlde (both electran grade BDH, UK) solution delonlsed as described 
In section 2.3.3. TBE buffer pH8.3 (lOx) was 900 mM Trls base, 900 mM boric 
acid, 10 mM EDTA. The gel components were degassed for 30 seconds under 
vacuum prior to addition of the TEMED. The gel was poured and a sequencing 
comb Inserted. After polymerisation (1 hour at room temperature) the gel 
wag connected to the sequencing gel tank (LKB 2010 electrophoresis unit). 
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The buffer containers were filled with ix TBE (pH8.3), the gel comb removed 
and the resulting wells washed out Uging buffer. Samples of 2 ul were 
loaded using a microsyringe (SGE, Australia). Electrophoresis was carried 
out at 45 C, initially at 10 mA until the bromophenol blue and xylene cyanol 
dye fronts had resolved, and then at 20 watts constant power. 
Following electrophoresis the glass plates were separated and the gel 
(attached to the upper plate) was fixed for 30 minutes in 10%(v/v) acetic 
acid, 10%(v/v) methanol before being dried onto the glass plate at 80°C for 
2 hours. Gels were exposed to Fuji RX x-ray film for 16-24 hours at room 
temperature. 
2.10 POLYPEPTIDE ANALYSIS 
2.10.1 SDS-Polyacrylamide gel electrophoresis 
Proteins were separated on the baais of their electrophoretic mobility 
by SDS-polyacrylamide gels using the discontinuous buffer system of Laemmli 
(1970). 
Gels were poured on a Protean II System (Biorad, USA). The separating 
component of the gel (dimensions 140 umi x 160 mm x 15 mm) was poured and 
allowed to polymerise at room temperature. A stacking gel was then added to 
a depth of 15 mm. 
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Gel Components 
Separating gel 
30%(w/v) acrylamide solution 18.3 ml 
3 M TrisCl pH8.8 11.25 ml 
10%(w/v) SDS 0.45 ml 
10%(w/v) ammonium persulphate 0.15 ml 
TEMED 0.023 ml 
delonlsed water 15.0 ml 
Stacking gel 
30%(w/v) acrylamide solution 2.25 ml 
1 M TrlsCl pH6.6 2.5 ml 
10%(w/v) SDS 0.1 ml 
10%(w/v) ammonium persulphate 0.1 ml 
TEMED 0.01 ml 
delonlsed water 5.1 ml 
30% acrylamide refers to a 29%(w/v) acrylamide, iyo(w/v) 
NN-methylene-Bls acrylamide (both Electran grade, BDH, UK) solution, 
delonlsed by the addition of 10 g per 100 ml amberlite MB! monobed resin 
(Sigma, USA). The mixture was stirred for 1 hour, the resin removed by 
filtration and the acrylamide solution stored in darkness at 4 C. 
Protein samples were added to an equal volume of 2X Laemmli sample 
buffer and boiled for 3 minutes before electrophoresis. 
2X Laemmli sample buffer (reducing) 
12%(w/v) urea 
4%(w/v) SDS 
4%(v/v) 2-mercaptoethanol 
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in 40 mM TrisCl pH6.8 containing 10%(v/v) glycerol and 0.1%(w/v) 
bromophenol blue. 
Electrophoresis was carried out at 50 mA until the bromophenol blue had 
migrated to the bottom of the separating gel. The electrophoresis buffer 
(pH8.3) consisted of 0.19 M glycine, 0.025 M Tris base and 0.1%(w/v) SDS. 
Following electrophoresis, gels were incubated overnight in 0.25%(w/v) 
coomassie brilliant blue (Sigma, USA), 45%(v/v) methanol, 10%(v/v) acetic 
acid. 
Gels were destained by successive incubations in 45%(v/v) methanol, 
10%(v/v) acetic acid. 
2.10.2 Fluorography 
Fluorography was used to amplify the signal detected from isotopes 
emitting low energy B-particles (Bonner and Laskey 1974). 
After electrophoresis, gels were fixed for 30 minutes in 25%(v/v) 
isopropanol, 10%(v/v) acetic acid, then soaked for 1 hour in Amplify 
(Amersham, UK) and dried onto Whatmann 3 mm paper under vacuum at 80 C on a 
Biorad gel drier. Dried gels were exposed at -80 C to Fuji RX x-ray film. 
2.10.3 Western blotting 
Proteins were transferred electrophoretically from polyacrylamide gels 
to nitrocellulose (0.45 um pore size, Schleicher and Schuell, FRG) using a 
Biorad transblot cell according to the method described by Towbin et al 
(1979). Transfer was performed overnight at 30 mA in a buffer (pH8.3) 
consisting of 0.19 M glycine, 0.025 M Tris base and 20%(v/v) methanol. 
After transfer, the nitrocellulose was cut into strips parallel to the 
direction of migration in the gel 5 mm in width. These were placed into 
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individual wells in a small incubation tray (Biorad Lab, USA) for further 
processing. 
2.10.4 Application of probe to Western blots 
Following transfer, the nitrocellulose strips were incubated for 
2 hours at 4°C in blocking buffer (PBS containing 10%(w/v) dried milk 
concentrate, 0.13%(w/v) N-glycylglycine, 0.1%(v/v) Tween 20). The primary 
antibody was then applied to the strips diluted 1:250 in blocking buffer. 
Following overnight incubation at 4°C with gentle agitation, the strips were 
washed five times in blocking buffer. The appropriate alkaline phosphatase 
conjugate (Sigma, USA) was applied diluted 1:1000 in blocking buffer. 
Following an incubation of 2 hours at 4 C the strips were washed five times 
in PBS containing 0.1%(v/v) Tween 20. The presence of bound alkaline 
phosphatase was detected as described in section 2.6.5. 
2.10.5 Estimation of protein concentration 
Duplicate serial doubling dilutions of the protein samples were made in 
TBS on a microtitre plate. Serial dilutions were also made of a 100 ug ml" 
bovine serum albumin solution. To each sample in the dilution series was 
added an equal volume of coomassie blue G-250 based protein assay reagent 
(Pierce Chemical Co. USA). This reacted with tyrosine residues to produce a 
colorimetric response. The A620 nm of samples was measured using an Easy 
Reader EAR 400 (SLT Labinstruments, Austria). Comparisons with the standard 
dilution series allowed the protein concentration of samples to be 
estimated. 
The proportion of the total protein in individual polypeptide species 
following electrophoresis was determined by scanning the stained/destained 
gel using a Biorad 620 video densitometer. A software package (Biorad, USA) 
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was used which enabled quantification of the material in a particular band 
with respect to the total sample. 
2.10.6 Molecular weight determination 
Estimates of the molecular weight of electrophoresed polypeptides were 
made by comparison with the migration of polypeptides of known molecular 
weight (SDS molecular weight markers MW 30K to 200K, Sigma, USA). 
The formula log MW RF was used where 
Distance migrated by polypeptide 
RF = Distance migrated by dyefront 
2.10.7 Preparation of fluke homogenates 
Approximately 0.2 g wet weight of fluke material was added to 1 ml of 
PBS, 10 mM PMSF in a bijoux bottle. Homogenisation was performed by 
sonication using a sterilized probe operating at 20 kH . Sonication was in 
pulses of 20 seconds, the bijoux bottle being kept on ice to prevent 
overheating. 
2.10.8 Immunization of mice 
The intra peritoneal Immunization procedure for mice consisted of two 
injections of 15 ug of the B-galactosidase fusion protein in Freunds 
incomplete adjuvant (inoculum volume 0.1 ml) administered at six weekly 
intervals. The B-galactosidase fusion protein was isolated from an SDS PAGE 
gel as described previously (see section 2.10.1). The serum from Immunized 
mice was characterised by IFA on F. hepatlca sections and by ELISA's 
performed on immobilised F. hepatlca homogenates. 
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2.10.9 Preparation of antisera 
Mouse bleeds (normally 200 ul) were allowed to clot at 4 C overnight. 
The serum was then removed from the clots using a Pasteur pipette and 
insoluble material in the serum pelleted by centrifugation at 10,000 g for 
3 minutes. 
2.10.10 Synthetic peptide production 
The 21 amino acid peptides (RTRKENQ)x3 and (NKEGEPE)x3 were synthesised 
by Dr. P. Harriot (QUB) using the method of Houghten (1985). 
2.10.11 Conjugation of peptides to KLH 
To 5 ml of PBS was added 5 mg of the synthetic peptide and 5 mg of 
keyhole limpet haemocyanin (KLH). To this mixture was gradually added (over 
90 minutes) 50 ul of 25%(v/v) glutaraldehyde. The reaction was stopped by 
the addition of 0.18 g of lysine. The conjugated peptides were then 
dialysed for 24 hours at 4 C against three changes of 1 1 of PBS. 
2.10.12 Indirect fluorescent antibody labelling 
This technique was used to localise the expression of the cloned 
antigen to specific fluke tissues. 
Sections of parasite material were prepared on multiwell slides as 
described in section 2.1.3. The primary antibody (sheep or mouse sera) was 
applied to the sections diluted 1:100 in PBS. After 1 hour at room 
temperature the slides were washed three times in PBS. The appropriate 
(anti sheep or anti mouse) fluorescen conjugate (Dako, Denmark) was applied 
diluted 1:100 in PBS and the slides again incubated for 1 hour at room 
temperature. The slides were washed as described above before being mounted 
with a coverslip using a drop of microtrak mounting fluid (Syva Co, USA). 
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Sections were examined using a labrolux D fluorescence microscope (Lietz, 
PRG) and representative photomicrographs were taken. 
2.10.13 Enzyme linked Immunoabsorbant assay (ELISA) 
ELISA's were used to test synthetic peptides in competitive inhibition 
assays against F. hepatica infected sheep serum. 
A microtitre plate was coated using a F. hepatica homogenate (section 
2.10.7) at 100 ng per well by overnight Incubation at 37 C in 0.2 M sodium 
bicarbonate/carbonate buffer pH8.6. The plates were then washed five times 
in PBS. Blocking was performed for 2 hours at 37 C in 10%(w/v) milk 
concentrate in PBS. 
Titration of infected sheep serum was performed using serial dilutions 
of 1:200 to 1:128000 in PBS. After 1 hour at 37°C the plates were washed as 
described above and sheep IgG horse radish peroxidase conjugate (Dako, 
Denmark) added to each well diluted 1:1000 in PBS. After 1 hour at 37° the 
plates were washed as described above and the presence of bound HRP 
conjugate detected by the addition of developing buffer (3,3',5,5' - tetra 
methyl benzidine (10 mg ml" in DMSO), added at l%(v/v) to 0.1 M sodium 
acetate/citric acid pH6.5 containing 0.02%(v/v) H O . ) . 
The reaction was stopped after 10 minutes by the addition of 0.1 M 
H^SO,. Reaction products were analysed at 450 nm in a EAR400 reader (SLT 
labinstruments, Austria). 
2.11 IN SITU HYBRIDISATION 
In situ hybridisation studies were carried out on F. hepatica sections 
mounted on slides pretreated as described in section 2.1.3. 
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The in situ hybridisation procedure used was based on that applied to 
S. mansoni sections as described by Koster et al (1988). 
Mounted sections were washed in 0.1 M TrisCl pH8.0, 0.05 M EDTA for 
10 minutes at 37°C. Proteinase K (Boehringer, FRG) was added to 1 ug ml 
and the slides incubated for 30 minutes at 37 C. They were then washed in 
2 X SSC (0.3 M NaCl, 0.03 M trisodium citrate), dehydrated in an ascending 
series to absolute ethanol, 100% isopropanol, then air dried. 
Hybridisation was carried out in a water saturated atmosphere at 50 C 
overnight under RNA-RNA hybridisation solution (see section 2.5.3) 
supplemented with 10%(w/v) dextran sulphate. Approximately 25 ng of 
biotinylated riboprobe (see section 2.5.5) was used. 
Following hybridisation, the slides were washed four times in 2 x SSC 
at room temperature then equilibrated in RNase buffer (0.01 M TrisCl pH8.0, 
0.5 M NaCl) at 37°C and treated with 20 ug ml" RNase A (Amersham, UK) in 
RNase buffer for 30 minutes at 37 C. The slides were then washed in RNase 
buffer at 37°C and in 2 x SSC, then TBS containing 0.1%(v/v) Tween 20 at 
room temperature. 
The slides were subsequently incubated for 1 hour at 37°C in TBS 
containing 5 ug ml" streptavidin (BRL, USA), washed in TBS then incubated 
for 1 hour at 37°C in TBS containing 5 ug ml" biotinylated alkaline 
phosphatase (BRL, USA). The slides were washed in TBS, then equilibrated in 
0.1 M TrisCl pH9.0, 0.1 M NaCl, 0.01 M MgCl . The presence of bound 
alkaline phosphatase molecules was detected by incubating the slides for 
1-2 hours at 37 C under the conditions described for the screening of the 
Xgtll library (section 2.6.5). The reaction was stopped by rinsing the 
slides in water. Sections were examined using a labrolux D microscope 
(Leitz, FRG) and representative photomicrographs were taken. 
CHAPTER 3 
cDNA LIBRARY CONSTRUCTION 
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3. cDM LIBRARY CONSTRUCTION 
Fasclola hepatlca RNA was reverse transcribed into double stranded cDNA 
according to the method of Gubler and Hoffman (1983) as summarised in figure 
3.1. The blunt ended cDNA was inserted into the bacteriophage vector Xgtll 
(Young and Davis 1983) using the method of Huynh et al (1985) as depicted in 
figure 3.2. 
This vector was chosen because: 
(i) the theoretically obtainable high cloning efficiency 
o 
(up to 10 pfu per ug of flush ended DNA) allowed 
library construction to proceed using moderate amounts 
of RNA 
(ii) antibody probes such as serum from F. hepatica 
infected animals could be used to screen the library 
(iii) preparative amounts of fusion proteins could be 
produced from reactive recombinants without the need 
to subclone. 
3.1 RNA EXTRACTION 
The initial stage in the process of cDNA cloning was the isolation of 
F. hepatica specific RNA. It was estimated that to initiate molecular 
cloning at least 100 ug of intact RNA was required. Previous work had 
reported yields of 1 mg of RNA per gram of wet weight fluke (Irving and 
Howell 1981). 
Fasclola hepatica RNA was extracted as described in section 2.6.1. The 
RNA obtained was quantitatively estimated by measuring its absorbance at 
260 nm. An average yield of 0.6 mg RNA per gram of F. hepatica was 
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Figure 3.1 
Method used to synthesise double stranded cDNA from 
g. hepatlca poly A RNA. 
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Figure 3.2 
Strategy used for the construction of a cDNA library in 
AgtU. 
1. Methylation of cDNA to protect internal EcoRl sites 
2. Ligation of linkers to cDNA 
3. Digestion using EcoRl to generate EcoRl cohesive ends 
4. Separation of cDNA from excess linkers by column 
chromat ography 
5. Purification of llnkered cDNA 
6. Ligation of cDNA to Xgtll EcoRl arms 
7. In vitro packaging 
8. Infection of host E. coli strain 
9. Plating out of library for immunoscreening 
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obtained. Protein contamination of samples was calculated by measuring the 
ratio of absorbance at 260 nm to 280 nm. Values of between 1.7 and 1.9 were 
obtained indicating that the RNA samples were of sufficient purity to be 
used as templates for reverse transcription. 
The integrity of the RNA was investigated by analysing 5 ug samples on 
partially denaturing MOPS gels (see section 2.5.1). In intact preparations 
the large and small sub unit ribosomal RNA species could be distinguished 
(data not shown). 
3.2 POLY A* RNA ENRICHMENT 
The poly A fraction of F. hepatica RNA preparations was isolated using 
oligo dT cellulose affinity chromatography as described in section 2.6.2. 
Following recovery, the binding fraction of the RNA was passed over 
the column again in order to minimise contamination by non binding RNA. 
Measurements at A260 nm of aliquots from both the binding and non binding 
fractions of the RNA allowed an elution profile to be constructed. It was 
calculated from this that approximately 2% of the RNA applied to the column 
bound to it. This compares to a figure of 20-25% binding reported by Irving 
and Howell (1981). 
The integrity of the poly A RNA was tested by analysing 2 ug samples 
in an in vitro translation assay (see section 2.5.4). Figure 3.3 shows the 
polypeptide profile obtained when poly A RNA extracted from 5 week and 
15 week post Infection F. hepatica was translated. 
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Figure 3.3 
Polypeptide profiles obtained by in vitro translation of 
5 ug of poly A RNA from (a) 5 week and (b) 15 week post 
infection F. hepatica 
35 12% polyacrylamide gel.[ S] methionine incorporation 
14 detected by fluorography. The position on the gel of C 
labelled marker proteins is indicated by their molecular 
weight values. 
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3.3 cDNA SYNTHESIS 
Approximately 10 ug of poly A RNA obtained from 10 week post infection 
F, hepatica was primed using oligo dT g and the corresponding single 
stranded cDNA was synthesised using reverse transcriptase. The 
incorporation of radiolabelled dCTP in parallel reactions Indicated an 
efficiency of reverse transcription of 10-12%. Double stranded cDNA was 
synthesised by replacing the RNA template with a second strand of cDNA. The 
RNA was partially digested using RNase H and the second strand of the cDNA 
synthesised by DNA polymerase 1 using the nicked RNA as a primer. Parallel 
reactions in which radiolabelled dCTP was incorporated into the cDNA were 
carried out, allowing the efficiency of the process to be calculated at over 
90%. The double stranded cDNA was then blunt ended using the 3'->5' 
exonuclease activity of T4 DNA polymerase. 
The size of the single and double stranded cDNA was estimated by 
analysing samples from the reactions in which radiolabelled dCTP had been 
Included in the reaction mixture. Figure 3.4 shows 1st and 2nd strand cDNA 
sized by alkaline agarose gel electrophoresis. The bands visible may 
represent full length transcripts of F. hepatica mRNA species. The average 
size of the cDNA was about 500-600 bp with the maximum size of 2nd strand 
molecules being greater than that of 1st strand molecules. 
3.4 CONSTRUCTION OF LIBRARY 
Before ligating the blunt ended cDNA to the EcoRl linker molecules it 
was necessary to protect any internal EcoRl sites in the cDNA population by 
treatment with EcoRl methylase (see section 2.6.4.1). 
In order to monitor the ligation of linker molecules to the cDNA, 
72 
Figure 3.4 
Size comparison of first and second strand cDNA synthesis 
reaction products. First and second strand cDNA synthesis 
was carried out as described in section 2.6.3 in the 
4 
presence of [o^ 32p] dCTP. 2 x 10 cpm of each reaction was 
electrophoresed on an alkaline l%(w/v) agarose gel. 
Following electrophoresis the gel was fixed in 7%(w/v) 
trichloroacetic acid and exposed to x-ray film at -80 C. 
Lane 1 1st strand synthesis 
Lane 2 2nd strand synthesis 
kb 
2.3 
2.0 
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radiolabelled linkers were prepared. Figure 3.5 shows the ligation ladder 
formed by concatomerisation of the linkers, the ladder is completely removed 
after EcoRl digestion. Exclusion chromatography was then used to separate 
the linkered cDNA from the excess linker molecules. The elution profile of 
the column showed two distinct peaks of radioactivity, the first 
corresponding to the linkered cDNA (data not shown). 
The cDNA was ligated to commercially prepared dephosphorylated Xgtll 
arms as described in section 2.6.4.5. In each ligation 100 ng of cDNA and 2 
ug of >\gtll arms were used. Assuming a mean size of 500 bp for the cDNA 
this corresponded to an insert:vector molar ratio of approximately 4:1. 
The ligation reactions were packaged as described in section 2.6.4.6. 
The packaged phage were titrated in terms of number of plaque forming units 
and percentage recombinants. 
Number of recombinant % of pfu 
Ligation reaction per ug cDNA recombinant 
1 1.3 X 10^ 70 
2 1.5 X 10^ 68 
3 1 X 10^ 66 
4 1 X 10^ 55 
5 l.I X 10^ 65 
The pooling of these reactions produced a library containing 5.8 x 10 
recombinant phage (representing a cloning efficiency of 1.15 x 10 
recombinants ug cDNA). The composition of the library was 65% 
4 
recombinant, 35% non recombinant. To screen 1 x 10 recombinants a total of 
1.54 X 10 pfu would have to be examined. 
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Figure 3.5 
Ladder formed by the ligation of [ )i 32p] ATP end labelled 
EcoRl linker molecules. 5 x 10 cpm was loaded on a 5% 
polyacrylamide gel run under 1 x TBE buffer. Following 
electrophoresis the gel was fixed in 10% (v/v) methanol, 
10%(v/v) acetic acid and exposed to x-ray film at room 
temperature. 
Lane 1 ligation ladder 
Lane 2 disappearance of ladder following EcoRl 
restriction 
1 
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3.5 SCREENING OF LIBRARY 
TheXgtll library was screened using the procedure described in section 
2.6.5. Initially, tegument reactive anti F. hepatica monoclonal antibodies 
were used to screen the library. The monoclonal antibodies used, 3F3 and 
1D2, had previously been developed in this department (Hanna and Trudgett 
4 
1983). After approximately 2 x 10 recombinants had been screened and no 
positive hybridisation observed, it was decided to screen the library using 
serum from a sheep experimentally infected with F. hepatica. The library 
was screened with serum removed from the sheep at 7 weeks post infection. 
Previous studies had shown the bulk of the immune response at this stage of 
infection to be directed against the fluke tegument (Hanna 1980 (b).). 
In initial experiments it was observed that all plaques, both 
recombinant and non recombinant, reacted with the sheep serum (see figure 
3.6). This non specific binding was believed to be due to a reactivity 
present in the ruminant serum against E. coll antigens. The serum was 
accordingly absorbed against immobilised E. coli as described in section 
2.6.6. When this pretreated serum was used to screen the library most of 
4 
the non specific reactivity disappeared. The screening of 1 x 10 
recombinants produced three reactive plaques. The most strongly reactive of 
these was picked, plated out and rescreened a total of three times until all 
plaques produced a positive signal when screened. This reactive recombinant 
was designated A 2.1c. 
Figure 3.6 
3 
Approximately 1 x 10 pfu of the Xgtll library screened 
using antiserum from a 7 week post infection sheep. 
Antiserum used at 1:200 dilution. Donkey anti sheep IgG 
alkaline phosphatase conjugate used at 1:1000 dilution. 
Presence of bound alkaline phosphatase detected as described 
in section 2.6.5. 
-.^•:r 
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3.6 SUMMARY 
In a previously reported study of F. hepatica poly A RNA isolation, 
Irving and Howell (1981) found that 25% of RNA obtained from adult or 
juvenile fluke when applied to an oligo dT cellulose column bound to it. 
They proposed that the prolific egg production in the adult fluke might 
require a very high level of protein synthesis which would explain the 
unusual predominance of poly A RNA. However this prolific egg production 
does not occur in the juvenile fluke and would therefore not provide an 
explanation for the high level of poly A RNA reported in the juvenile. In 
their experiments, the poly A RNA was not reapplied to the column, 
suggesting that non specific ribosomal contamination of the polyadenylated 
RNA fraction may have occurred. 
When 1st and 2nd strand cDNA synthesis was analysed by denaturing 
agarose gel electrophoresis it was observed that the maximum size of 2nd 
strand molecules was greater than that of 1st strand (see figure 3.4). This 
may be explained by the formation of hairpin loops at the 3' end of the 
first strand cDNA during its synthesis by reverse transcriptase. These 
loops can be used as a primer by the DNA polymerase 1 in the second strand 
synthesis reaction. Double stranded cDNA molecules formed in this manner 
will be covalently closed at the end corresponding to the 5' end of the mRNA 
template. These molecules cannot be resolved into their separate strands in 
denaturing gels and will migrate more slowly (Gubler 1987). 
The presence of covalently closed molecules in the cDNA population may 
explain the relatively low cloning efficiency obtained. Such molecules 
cannot accept linkers at the looped end and will not therefore ligate to 
Xgtll. The estimate of the amount of cDNA (from which the cloning 
efficiency was calculated) was based entirely on the incorporation of 
radiolabelled nucleotides and did not distinguish between blunt ended and 
covalently closed molecules. The figure obtained for the cloning efficiency 
may thus be an underestimate of the efficiency of insertion of molecules 
with linkers at both ends. 
When the Xgtll library was screened using anti F. hepatica tegument 
monoclonal antibodies, no positive signals were obtained. Monoclonal 
antibodies are epitope specific probes. Many epitopes are generated by 
glycosylisation or other post translational modifications that do not occur 
when the protein is expressed in a prokayote system. Many of the proteins 
present in the F. hepatica tegument are heavily glycosylated (Hanna 1976). 
Therefore many epitopes that are generated in vivo would not arise in the 
expression system used in this study. Additionally, epitopes which are not 
purely sequential but which arise due to the conformation of the protein may 
not be formed if the F. hepatica insert codes only for part of the antigen. 
CHAPTER 4 
CHARACTERISATION OF CLONED ANTIGEN (I) 
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4. CHARACTERISATION OF CLONED ANTIGEN (1) 
In order to characterise expression of the F. hepatlca antigen coded 
for by the reactive recombinant X2.1c, preparative amounts of the 
corresponding Bgalactosidase fusion protein were required. 
The recombinant phage was used to Infect E. coll strain Y1089 cells and 
the resulting recombinant lysogens were isolated. Lysogens were grown to a 
high cell density in liquid culture before lac Z directed fusion protein 
production was Induced by the addition of IPTG to the medium. The 
Bgalactosidase fusion protein was isolated by gel electrophoresis and used 
to immunise mice, sera from which was used in IFA and immunoblotting 
studies. 
4.1 PRODUCTION OF RECOMBINANT LYSOGENS 
Phage growing under lysogenic conditions replicate without causing 
lysis of the host cell. E. coli strain Y1089 was used as the host for 
lysogenic phage growth. This strain is supF , meaning that the SlOO 
mutation carried by j\ gtll which renders it lysis defective is not supressed 
(Neubauer and Calef 1970). Y1089 carries the hfl A150 mutation which 
enhances lysogen formation (Hoyt et al 1982). Below 42 C lysis is also 
prevented by expression of the phage cl repressor gene. Above this 
temperature the cl gene product is inactive and lytic growth of Xgtll will 
occur even in E. coli Y1089. 
E. coli strain Y1089 was grown at 37 C in LB ampicillin to an OD 600 of 
0.5 and dispensed into 100 ul aliquots as described in section 2.2.9. Each 
aliquot was estimated to contain 2.5 x 10 cells. The cells were infected 
at a multiplicity of infection of 5 using the recombinant phage X2.1c. (A 
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high tltre stock of 1 x 10 pfu ml was prepared as described in section 
2.2.8. To each 100 ul aliquot of cells was added 12.5 ul of this stock). 
A 10 dilution of the infected cells (calculated to produce 
approximately 250 colonies) was spread out on each of 5 LB agar-ampicillin 
plates. After overnight incubation at 32 C, 20 colonies were selected from 
each plate. Each colony was spotted onto two separate LB-ampicillin plates, 
one of which was incubated overnight at 32 C and the other at 43 C. Those 
colonies which grew at 32 C but not 43 C were assumed to be lysogens. Out 
of the 100 colonies tested, 6 grew at 32 C but not 43 C equating to a 
frequency of lysogeny of 6%. 
4.2 PRODUCTION OF FUSION PROTEIN 
The control of expression of the lacZ gene in Xgtll is shown in 
figure 4.1. E. coli strains Y1089 and Y1090 contain the plasmid pMC9. This 
carries the gene coding for the lacZ repressor which prevents expression of 
the lacZ gene by binding to the operator (Gilbert and Muller-Hill 1967). 
Addition of IPTG to the growth medium Inactivates the lacZ repressor 
molecule as shown in figure 4.1. The advantage of this system is that it 
allows expression of the lacZ gene to be controlled. This is necessary as 
foreign proteins expressed as part of the resulting Bgalactosidase fusion 
protein are often toxic to the host cell. 
E. coli strains Y1089 and Y1090 are both protease deficient (lon~), 
thus maximising gene product stability (Mount 1980). 
Lysogens, identified as described in section 4.1, were used to 
inoculate LB-ampicillin. Subsequent incubations were carried out as 
described in section 2.2.10. Following the final incubation the cells were 
pelleted and resuspended in SDS PAGE sample buffer. Figure 4.2 shows a 
8] 
Figure 4.1 
Control of expression of the lacZ gene in Xgtll 
Repression in absence of IPTG 
lac\ 
mRNA 
Repressor 
Reoressor binds to the operator and 
prevents transcription oUacZ 
lacZ S Agt i i 
Expression in presence of IPTG 
feci 
mRNA 
y 
A IPTG 
Inducer repressor 
corr^ plex 
; ( 
No binding to operator 
lacZ h <1 I AgiTT 
/acZ-cDNA mRNA 
Fusion protein 
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Figure 4.2 
12% polyacrylamide gel 
lane 1 induced recombinant lysogen culture lysate 
lane 2 non-induced recombinant lysogen culture lysate 
lane 3 B-galactosidase 
presence of protein detected by coomassie blue staining 
l i^||gi i16kDa 
M - i - w M i s ; * ^ 
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3% 
coomassie blue stained SDS PAGE gel. Lane 1 is a lysate from a culture 
induced by the addition of IPTG, lane 2 is a lysate from a non induced 
culture, lane 3 is commercially prepared Bgalactosidase. From the 
measurement of RF values (see section 2.10.6) the fusion protein was 
calculated to have a molecular weight of 139 kDa, corresponding to a 
F. hepatica encoded component of 23 kDa. 
The fusion protein was isolated by cutting it out of preparative gels. 
The acrylamide strip was snap frozen in liquid nitrogen and ground to a fine 
powder before being resuspended in PBS. Mice were immunised using two 
boosts of 15 ug of the fusion protein (in an equal volume of Freunds 
incomplete adjuvant) administered two weeks apart. 
4.3 CHARACTERISATION OF SERA 
Before its use in immunofluoresence and immunoblotting experiments, it 
was necessary to demonstrate the presence of anti fusion protein antibodies 
in the immunised mouse serum. Sera were assayed by using them as probes on 
imraunoblots of lysates of induced recombinant lysogen cultures. 
Figure 4.3 shows an induced culture lysate probed with immunised mouse 
serum (lane 4). Most of the reactivity was against a single polypeptide 
species. This reactivity was absent in lane 5 which was probed using serum 
from a non immunised mouse. Both sera show minor reactivity against other 
E. coli proteins. Lane 1 was probed using the experimentally infected sheep 
serum that showed non specific reactivity when used to screen the X gtll 
library (see section 3.5). The major polypeptide species that was 
recognised by the immunised mouse serum also showed reactivity with the 
infected sheep serum. There was a massive response to other E. coli 
proteins. Lane 2 was probed with serum from the same sheep, preabsorbed 
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Figure 4.3 
induced recombinant lysogen culture lysate Western blotted 
and probed with 
lane 1 F. hepatica infected sheep serum 
lane 2 above serum preabsorbed with immobilized E. coli 
antigens 
lane 3 F. hepatica infected cattle serum 
lane 4 fusion protein immunised mouse serum 
lane 5 non immunised mouse serum 
presence of bound antibody detected as described in section 
2.10 
W^A.1 
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against immobilised E. coll as described in section 2.6.6. Reactivity 
against the putative fusion protein was reduced but still present. Most of 
the reactivity against E. coll antigens had been greatly reduced. Lane 3 
was probed using serum from an experimentally Infected cow. This serum also 
hybridised to the putative fusion protein. A large degree of reactivity 
against other E. coll antigens was again present. 
The immunised mouse serum was further characterised by using it to 
probe an immunoblot consisting of lysate of recombinant and non recombinant 
lysogen cultures. 
Figure 4.4 shows a coomassie blue stained SDS PAGE gel. Lane 1 is an 
induced recombinant lysogen culture lysate, lane 2 is Induced recombinant 
and non recombinant lysogen culture lysates mixed, lane 3 Is a non Induced 
recombinant lysogen culture lysate. 
Figure 4.5 shows an Immunoblot of the mixed recombinant and non 
recombinant lysogen culture lysates. Lane 1 was probed with the preabsorbed 
Infected sheep serum. It reacted only with the band corresponding to the 
fusion protein. Lane 2 was probed with serum from a fusion protein 
immunised mouse. It reacted with both the fusion protein and the 
Bgalactosldase produced by the non recombinant lysogen. Lane 3 was probed 
using control mouse serum. This reacted with neither polypeptide species. 
4.4 INDIRECT IMMUNOFLUORESCENCE ASSAY (IFA) 
IFA studies were carried out as described in section 2.10.12 on 
embedded fluke sections which had been prepared as described in section 
2.1,3. As a control In these experiments serum from a non immunised mouse 
was used. 
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Figure 4.4 
12% polyacylamide gel 
lane 1 induced recombinant lysogen culture lysate 
lane 2 Induced recombinant and non recombinant lysogen 
culture lysates 
lane 3 non induced recombinant lysogen culture lysate 
presence of protein detected by coomassie blue staining 
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Figure 4.5 
induced mixed recombinant and non recombinant culture 
lysates Western blotted and probed with 
lane 1 F. hepatica infected sheep serum preabsorbed with 
immobilised E. coli antigens 
lane 2 fusion protein immunised mouse serum 
lane 3 control mouse serum 
presence of bound antibody detected as described in section 
2.10 
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Figure 4.6 shows adult (15 week post infection) and juvenile (4 week 
post infection) F. hepatica sections probed with serum from a mouse 
immunised with the XZ.lc fusion protein. The juvenile fluke displayed 
strong reactivity in the tegumental syncytium. This reactivity was much 
reduced in the adult fluke. No reactivity was observed in the muscular 
layer underlying the tegumental syncytium in either the juvenile or the 
adult. The tegumental cells from which the tegumental syncytium is derived 
showed a low intensity of labelling in the juvenile. The lining of the 
adult gut also displayed reactivity. 
When similar sections were probed using serum from a control mouse 
(figure 4.7) the reactivity described in figure 4.6 was absent apart from 
fluorescence in the adult gut. 
Figure 4.8 shows the adult and juvenile teguments at a higher 
magnification. Although there was reactivity in the adult tegumental 
syncytium, the labelling was much less intense than that observed in the 
juvenile tissue. The tegumental spines showed no reactivity in either the 
adult or the juvenile. 
Figure 4.9 shows a juvenile fluke probed using serum from an immunised 
mouse. In addition to the tegumental reactivity described previously, 
labelling was observed in the ducts of the excretory system. 
Figure 4.10 shows a section of the uterus. A low level of reactivity 
was observed in the uterine wall. Autofluorescence occurred in the shell 
protein surrounding the egg. A ring of fluorescent material appeared to 
surround the egg. However this material was also present in a similar 
section probed with control mouse serum (figure 4.11). The fluorescence 
seen in the uterine wall in figure 4.10 was absent. 
Figure 4.12 shows a section through the uterus more proximal to the 
site of egg formation. Intense staining was observed in the uterine wall. 
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Figure 4.6 
Adult (15 week P.I.) and juvenile (4 week P.I.) F. hepatica 
sections probed with anti-fusion protein mouse serum. 
Presence of serum binding detected as described in section 
2.10. 
Juvenile tegumental syncytium (t) and tegumental cells (TS) 
were reactive. Adult gut (G) also showed reactivity. 
Magnification X 1260 
Figure 4.7 
Section as above probed with non immunised mouse serum. 
Adult gut (G) remained reactive. 
Magnification X 1260 
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Figure 4.8 
Juvenile (4 week P.I.) and adult (15 week P.I.) F. hepatica 
sections probed with fusion protein immunized mouse serum. 
Juvenile tegumental syncytium (TS) was reactive. This 
reactivity was much reduced in the corresponding adult 
tissue. Tegumental spines (S) were non reactive. 
Magnification X 2400 
Figure 4.9 
. Juvenile (4 week P.I.) F. hepatica section probed with 
fusion protein immunised mouse serum. Reactivity observed 
in the tegumental syncytium (TS), tegumental cells (TC), 
excretory system ducts (EX) but not in tegumental spines 
(S). 
Magnification X 1260 
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Figure 4.10 
Adult (15 week P.I.) section probed with Immunised mouse 
serum. Fluorescence observed on uterine wall (U). 
Autofluorescence In egg (E). Ring of fluoresent material 
surrounding egg (S). 
Magnification X 1260 
Figure 4.11 
Adult (15 week P.I.) section probed with normal mouse serum. 
Fluorescence on uterine wall (U) much reduced. 
Autofluorescence In egg (E). Ring of fluorescent material 
around egg present (S). 
Magnification X 1260 
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Figure 4.12 
Adult (15 week P.I.) F. hepatlca section probed with fusion 
protein immunised mouse serum. Uterus more proximal to site 
of egg production than in figure 4.10. Uterine wall highly 
reactive (U). Fluorescence in developing egg (E). 
Autofluorescence in vitelline droplet (V). 
Magnification X 1260 
Figure 4.13 
Adult S. mansoni section probed with fusion protein 
immunised mouse serum. No reactivity seen in male (M) or 
female (F). 
Magnification X 1260 
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with lesser reactivity occurring in the developing egg and in the cells 
surrounding the uterus. Autofluorescence was visible in the vitelline 
droplets present in the developing egg. 
When mature S. mansoni sections were probed using serum from an 
immunised mouse no reactivity was seen in either the male or the female 
(figure 4.13). 
4.5 IMMUNOBLOTS ON F. HEPATICA HOMOGENATES 
To determine the molecular weight of the cloned antigen as expressed in 
F. hepatica, immunoblots of both juvenile and adult fluke homogenates were 
probed with sera from mice immunised with the X2.1c fusion protein. 
Figure 4.14 shows an immunoblot of an adult F. hepatica homogenate 
probed with (i) serum from a 7 week post infection sheep; (ii) serum from a 
fusion protein immunised mouse; and (iii) control mouse serum. The 
immunised mouse serum reacted with four polypeptide species. By comparing 
their migration distance with those of molecular weight standards it was 
possible to calculate the molecular weight of the reactive polypeptides (see 
table 4.1). The calculated approximate molecular weights were 78, 65, 55 
and 51 kDa. 
Figure 4.15 shows a juvenile (3 week post infection) F. hepatica 
homogenate probed with (i) serum from a 7 week post infection sheep; (ii) 
fusion protein immunised mouse serum; and (iii) control mouse serum. The 
immunised mouse serum recognised two polypeptides of approximate molecular 
weight 56 and 39 kDa. 
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Figure 4.14 
Adult (15 week P.I.) F. hepatica homogenate Western blotted 
and probed with 
lane 1 infected sheep serum 
lane 2 fusion protein immunised mouse serum 
lane 3 control mouse serum 
presence of bound antibody detected as described in section 
2.10. 
reactive species indicated 
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Figure 4.15 
Juvenile (3 week P.I.) F. hepatica homogenate Western 
blotted and probed with 
lane 1 infected sheep serum 
l ane 2 fusion p r o t e i n iiitmunised mouse serum 
lane 3 control mouse serum 
presence of bound antibody detected as described in section 
2.10. 
reactive species indicated 
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Table 4.1 
Derivation of molecular weights of polypeptides present in 
juvenile and adult fluke homogenates that were reactive in 
Western blots to fusion protein immunised mouse serum. 
Molecular weight standards 
STD 1 
STD 2 
STD 3 
STD 4 
STD 5 
Mw kDa 
116 
97.4 
66 
45 
29 
Distal 
21 
24 
34 
50 
76 
T.D. 146 
rf 
0.144 
0.164 
0.233 
0.343 
0.521 
mm 
log Mw 
2.064 
1.988 
1.819 
1.653 
1.462 
Adult F. hepatica homogenate T.D. 135 mm 
Distance (mm) rf log Mw Mw (kDa) 
1 28 0.207 1.89 78 
2 32 0.237 1.81 65 
3 40 0.296 1.74 55 
4 44 0.326 1.71 51 
Juvenile F. hepatica homogenate T.D. 130 mm 
Distance (mm) rf log Mw Mw (kDa) 
1 39 0.30 1.75 56 
2 54 0.41 1.59 39 
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4.6 SUMMARY 
The Innnunoblots carried out on induced recombinant lysogen culture 
lysates (figure 4.3) demonstrated that the Bgalactosidase F. hepatica fusion 
protein was recognised by sera from infected cattle and sheep as well as 
sera from fusion protein immunised mice. Figure 4.3 also shows the high 
degree of reactivity against E. coli antigens that was present in the cattle 
and sheep sera, explaining why it was necessary to preabsorb the sheep serum 
before its use in screening the Xgtll library. This reactivity against 
E. coli is thought to be a by-product of ruminant metabolism (pers coram 
A. Capron). 
The immunised mouse sera reacted with Bgalactosidase produced by a non 
recombinant induced culture (figure 4.5). It is possible that all the 
reactivity in the immunised mouse is directed against the Bgalactosidase 
component of the fusion protein. In studies involving characterisation of 
the cloned antigen it would therefore be desirable to include sera from mice 
immunised with Bgalactosidase as a control. 
The immunofluorescence studies summarised in section 4.4 demonstrated 
that the pattern of reactivity in F. hepatica tissues to fusion protein 
immunised mouse sera changed during the development of the fluke. 
Reactivity was intense in the juvenile tegumental syncytium but greatly 
reduced in the corresponding tissue in the adult. Reactivity was 
demonstrated in the excretory ducts in the juvenile and in lining of the 
uterus (and questionably of the gut) in the adult. The immunofluorescence 
studies were not exhaustive. For example no sections were available of 
Mehlis' gland, the Juvenile gut or the male components of the reproductive 
system. The labelling pattern that was obtained appeared to be identical to 
that produced by a monoclonal antibody (3F3) as reported by Hanna et al 
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(1988). In that study several monoclonal antibodies reacted with more than 
one fluke tissue. This common antigenicity was most pronounced for membrane 
associated entities such as those found in the tegumental syncytium, the 
excretory ducts or the uterus or gut linings. Hanna et al (1988) suggested 
that the common antigens were most likely to be glycocalyx constituents. 
The glycocalyx of F. hepatica is an anionic structure largely composed of 
glycoprotein (Threadgold 1978). It had not been demonstrated whether any of 
the monoclonal antibodies that showed cross tissue reactivity recognised 
glycosylisation dependent or carbohydrate epitopes, or epitopes that were 
independent of the carbohydrate component of the glycoprotein. The 
Bgalactosidase F. hepatica fusion protein was synthesised under conditions 
in which glycosylisation would not occur. Sera raised against the fusion 
protein would therefore react only to glycosylisation independent amino acid 
epitopes. The common antigenicity among F. hepatica tissues demonstrated 
above is unequivocably amino acid sequence based. Possible functional 
aspects of this common antigenicity will be discussed in chapter 7. 
Experiments have shown that F. hepatica antigens purified by antibodies 
prepared against Schistosoma mansoni fractions could be used to provide up 
to 857o protection in mice against S. mansoni infection (Hillyer 1979). The 
F. hepatica fusion protein immunised mouse sera was therefore tested using 
IFA on sections of S. mansoni. No reactivity was observed suggesting that 
the cloned antigen was not one of the pool of antigens that are cross 
reactive between S. mansoni and F. hepatica. Some of these antigens do 
however show similar stage and tissue specific labelling patterns to that 
described above (Hanna and Hillyer 198A). 
CHAPTER 5 
CHARACTERISATION OF CLONED ANTIGEN (II) 
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5. CHARACTERISATION (il) 
DNA was prepared from the reactive recombinant X2.Ic and digested with 
EcoRl to excise the Fasciola hepatica specific sequence. This consisted of 
two EcoRl fragments both of which were isolated and subsequently subcloned 
into the EcoRl site of the plasmid Bluescript SK*. This facilitated DNA 
sequencing of the F. hepatica insert. The smaller fragment was sequenced 
and found to code for a repeat amino acid sequence that was also completely 
conserved at the nucleotide level. Subcloning into Bluescript allowed the 
production of riboprobes corresponding to the F. hepatica sequence. A 
biotinylated riboprobe corresponding to the non coding strand of the smaller 
fragment was synthesised and used in in situ hybridisation studies on 
F. hepatica sections. Expression of the mRNA coding for the cloned antigen 
was localised to the tegumental cells in juvenile fluke. 
The smaller EcoRl fragment was used as a probe on Northern blots of 5 
week, 10 week and 18 week post infection F. hepatica RNA. The developmental 
diversity seen at the level of protein synthesis was not observed. 
5.1 DNA PREPARATION 
DNA was isolated fromXZ.lc as described in section 2.4.10. Figure 5.1 
shows a 50 ug sample of A2.1c DNA digested using EcoRl and electrophoresed 
on a 0.8%(w/v) agarose gel. Two fragments were generated of approximately 
800 bp and 200 bp in size. Both fragments were isolated from agarose gels 
as described in sections 2.8.1 to 2.8.4. Recombinants were identified and 
large scale plasmid preparations were carried out as described in section 
2.4.9. Figures 5.2 and 5.3 show EcoRl digests of DNA obtained from 
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Figure 5.1 
0.8% (w/v) agarose gel 
lane 1 50 ug A 2.1c DNA digested with EcoRl 
lane 2 5 ugAoNA digested with Pstl 
DNA visualised by ethidlum bromide staining 
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Figure 5.2 
1.5% (w/v) agarose gel 
lane 1 5 ug DNA isolated from recombinant obtained by 
Bluescript SK /small EcoRl fragment ligation and 
digested using EcoRl 
lane 2 5 ugADNA digested with Pstl 
DNA visualised by ethidium bromide staining 
Figure 5.3 
1% (w/v) agarose gel 
lane 1 5 ug>.DNA digested with Pstl 
lane 2 1 ug DNA isolated from recombinant obtained by 
Bluescript SK /large EcoRl fragment ligation and 
digested with EcoRl 
DNA visualised by ethidium bromide staining 
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recombinants generated by the ligation of Bluescript to the small and large 
F. hepatica fragments respectively. 
5.2 DNA SEQUENCING 
DNA sequencing was carried out on the 200 bp F. hepatica insert as 
described in section 2.9.1. The plasmid DNA was denatured and then 
hybridised to either the KS or SK sequencing primer. These primers direct 
the DNA polymerisation reaction in opposite directions in Bluescript SK and 
were chosen because they are relatively close to the EcoRl site in the 
multiple cloning polylinker. 
Bluescript SK also contains promoter sequences for the T7 and T3 RNA 
polymerase enzymes. In Bluescript SK these promoters are on opposite DNA 
strands. The use of one RNA polymerase (eg T7) will produce an RNA 
transcript corresponding to one DNA strand while the other RNA polymerase 
(eg T3) will produce an RNA transcript corresponding to the opposite DNA 
strand. This procedure was used to determine which strand of the sequenced 
F. hepatica insert contained the coding sequence. Radiolabelled RNA 
transcripts were synthesised using the T7 and T3 RNA polymerases as 
described in section 2.5.5. These transcripts were used as probes on 
Northern blots of 10 week post infection F. hepatica total RNA. The 
transcript produced by the T3 RNA polymerase hybridised to the F. hepatica 
RNA (data not shown). This transcript therefore contained the RNA sequence 
that was non transcribed in vivo and also corresponded to the non coding DNA 
strand. The RNA transcript produced by the T7 RNA polymerase thus 
corresponded to the coding DNA strand. 
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Figure 5.4 
Nucleotide and derived amino acid sequence of small A 2.1c 
EcoRl fragment 
NUCLEOTIDE AND DERIVED AMINO ACID SEQUENCE 
132 
ACGGAGATCAATTCACTAGGAAGACGGAAGGAGAACCAGAGAACAAGGAAGGAGAACCAG 
ThrGluIleAsnSerLeuGlyArgArgLysGlixAsnGlnArgThrArgLysGluAsnGln 
ArgArgSerIleHis***GluAspGlyArgArgThrArgGluGlnGlyArgArgThrAr 
GlyAspGlnPheThrArgLysThrGluGlyGluProGliiAsnLysGluGlyGluProG 
72 
AGAACAAGGAAGGAGAACCAGAGAACAAGGAAGGAGAACCAGAGAACAAGGAAGGAGAAC 
ArgThrArgLysGluAsnGlnARgThrArgLysGluAsnGlnArgThrArgLysGluAsn 
gGluGlnGlyArgArgThrArgGluGlnGlyArgArgThrArgGluGlnGlyArgArgTh 
luAsnLysGluGlyGluProGluAsnLysGluGlyGluProGluAsnLysGluGlyGluP 
12 
CAGAAAACAAGGAAAGAGAAACCACTGCTACAGGAGGCACCTCGAGACTCACCAATCACT 
GlnLysThrArgLysGluLysProLeuLeuGlnGluAlaProArgAspSerProIleThr 
rArgLysGlnGlyLysArgAsnHisCysTyrArgArgHisLeuGluThrHisGlnSerLe 
roGluAsnLysGluArgGluThrThrAlaThrGlyGlyThrSerArgLeuThrAsnHisL 
TGGCTGRCCTT 
TrpLeuSer 
uGlyCysPro 
euAlaValLeu 
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The nucleotide and derived amino acid sequence of the F. hepatica 
200 bp insert are shown in Figure 5.4. There are two possible open reading 
frames. 
The insert contains a 21 base pair sequence that is repeated four times 
in a tandem array with no base changes. In the 21 base pairs immediately on 
either side of the conserved repeat the sequence is partially degenerate. 
To one side, in one of the two open reading frames, there are three base 
changes giving rise to two amino acid substitutions. In the other reading 
frame there are two base changes which give rise to two amino acid 
substitutions. To the other side in one reading frame there are four base 
changes giving rise to three amino acid substitutions, while in the other 
there are five base changes again giving rise to three amino acid 
substitutions. 
In the completely conserved region of the repeat there are no thymidine 
residues. In the conserved plus degenerate regions out of 126 bases in one 
reading frame there is one thymidine residue, in the other none. 
5.3 SYNTHETIC PEPTIDE STUDIES 
In an attempt to determine which of the two possible open reading 
frames coded for the expressed antigen, synthetic oligo peptides 
corresponding to the completely conserved region of the repeat sequence in 
both possible frames were synthesised. The peptides (RTRKENQ)x3 and 
(NKEGEPE)x3 were designated pep 1 and pep 2 respectively. The peptides were 
conjugated to keyhole limpet haemocyanin and subsequently used to immunise 
mice as described in section 2.10.11. 
Sera from mice immunised in this manner were tested directly by 
immunofluorescence on juvenile and adult F. hepatica sections. No 
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Figure 5.5 
Dilution series of 8 week post F. hepatica infection sheep 
serum incubated with immobilised 5 week fluke homogenate. 
Binding detected by ELISA (section 2.10.13) 
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Figure 5.6 
Effect of peptide 1 and peptide 2 on the binding of infected 
sheep serum to inmobilised F. hepatica homogenate 
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fluorescence above that obtained by using normal mouse serum was observed 
(data not shown). 
ELISA studies were then carried out to determine if there were 
significant differences in the capacity of pep 1 and pep 2 to inhibit 
binding of serum from an experimentally infected sheep to immobilised 
F. hepatica homogenates. 
In order to test the ability of the ELISA system to quantify binding of 
the sheep serum to the F. hepatica homogenate a dilution series of serum 
from an 8 week post infection sheep was incubated with immobilised 5 week 
fluke homogenate (100 ng per well). Figure 5.5 shows the result obtained. 
The experiment was then carried out in the presence of either pep 1 or 
pep 2 using the same range of dilutions. The rationale was that if either 
peptide contained Fasciola hepatica epitopes it would compete with the fluke 
homogenate for the available antibodies, thus shifting the binding curve for 
the sheep serum. Figure 5.6 shows the results obtained, indicating that 
pep 1 shifted the binding curve further from the control. 
5.4 In situ hybridisation 
A biotinylated transcript corresponding to the non coding strand of the 
smaller F. hepatica fragment was synthesised using T3 RNA polymerase as 
described in section 2.5.5. The incorporation of biotin in the transcripts 
was detected as described in section 2.3.8. Figure 5.7 shows a dot blot of 
dilution series of a biotinylated DNA standard, the F. hepatica derived 
transcript and a transcript corresponding to 200 bp of the P gene of measles 
virus (DNA supplied by M. Taylor, Q.U.B.). 
In situ hybridisations were carried out on 5 week post infection 
F. hepatica sections using the method described by Koster et al (1988). In 
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Figure 5.7 
Dot blot of dilution series of 
1 blotlnylated DNA standard 
2 transcript of 200 bp EcoRl fragment 
3 transcript of 200 bp of measles virus P gene 
presence of blotlnylated DNA detected as described In 
section 2.3.8 
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Figure 5.8 
5 week post infection F. hepatica section probed with 
approximately 25 ng biotinylated antisera RNA probe 
corresponding to 200 bp EcoRl fragment 
TS tegumental syncytium 
S spine 
M muscle layer 
TC tegumental cell 
Magnification X 1260 
Figure 5.9 
5 week post infection F. hepatica section probed with 
approximately 25 ng biotinylated RNA probe corresponding to 
200 bp of the P gene of measles virus 
TS tegumental syncytium 
TC tegumental cell 
Magnification X 1260 
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each hybridisation approximately 25 ng of RNA was used. In control 
experiments 25 ng of the measles P gene transcript were used. 
Figure 5.8 shows the hybridisation pattern obtained using the 
F. hepatica derived probe. The presence of bound alkaline phosphatase 
molecules is visible as a purple coloration. The photomicrograph shows 
faint hybridisation in the tegumental cells. Figure 5.9 shows a section 
probed with the measles derived transcript. There was no visible 
hybridisation of this probe to F. hepatica sections. 
5.5 NORTHERN BLOTTING 
In order to determine if expression of the cloned gene was 
developmentally regulated at the level of transcription, RNA from different 
ages of fluke was Northern blotted as described in section 2.5.2 and 
hybridised to a radiolabelled probe derived from the smaller F. hepatica 
EcoRl fragment. 
Figure 5.10 shows a Northern blot of 10 )ig of total RNA from 5 week, 
10 week and 18 week post infection F. hepatica probed using approximately 
10 cpm of the probe labelled to a specific activity of 10 cpm pg~ . The 
amount of RNA loaded in each well was checked by measuring the A„,„ nm as 
260 
described in section 2.3.6. 
In the 5 week F. hepatica RNA two hybridising bands of similar 
molecular weight are visible. It is possible that both these bands are 
present in the other RNA samples but that the fainter band is observed due 
to the more intense hybridisation signal. 
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Figure 5.10 
1% MOPS agarose gel of 10 ug total RNA from 
1 5 week post infection F. hepatica 
2 10 week post infection F. hepatica 
3. 18 week post infection F. hepatica 
Northern blotted and probed with 10 cpm ( 100 ng) of 
radlolabelled 200 bp EcoRl fragment 
1 
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5.6 SUMMARY 
The size of the F. hepatlca derived insert in A2.1c was estimated to be 
between 800 and 1000 bp. The Bgalactosidase fusion protein produced by the 
recombinant phage was calculated to be of molecular weight 139 kDa (see 
section 4.2). Assuming a mean amino acid molecular weight of 120, the 
23 kDa of the fusion protein coded for by the F. hepatica derived sequence 
would correspond to an insert size of approximately 600 bp. Due to the 
inaccuracies inherent in the estimation of molecular weights from gels, or 
if the F. hepatica antigen contained a high proportion of low molecular 
weight amino actd residues, it is possible that the CDNA insert size and the 
fusion protein molecular weight were in accordance. However, it is also 
possible that the cDNA insert contained stop codons in the transcribed 
reading frame. This would correspond to the cDNA bein§ derived from the 3* 
end of the parent RNA. This would be consistent with the method used for 
cDNA synthesis. Oligo dT priming directs cDNA production from the 3' end of 
the RNA template. RNA molecules contain sequences 3' to the termination of 
translation site. Another possibility is that the cDNA insert contained 
sequence from a region 5* to the initiation of translation signal in the RNA 
template and that translation of the cloned sequence in Xgtll initiated at 
this site. However, the fact that translation of the F. hepatica sequence 
fi-as shown to be uadec direct control of the lac Z promoter (see chapter 4j 
mediates against this being the case. - ^^ .. , , 
31- -> Sera from mice immunised with synthetic peptides corresponding to the 
repeat region of the insert in both possible reading frames were tested by 
indirect immunofluorescence on sections of F. hepatica material. Neither 
peptide induced reactivity. Either this region of the Insert corresponds to 
non translated sequences or the corresponding synthetic peptide does not in 
]J3 
isolation induce an immune response against epitopes that are accessible on 
F. hepatica sections. 
--— Both synthetic peptides were tested in competitive binding assays using 
serum from an experimentally infected sheep. In this assay the peptides 
were not tested for their ability to induce an immune response, but for 
whether or not they contained epitopes recognised by a polyclonal antiserum. 
Differences were observed in the ability of the two peptides to inhibit 
binding of the antisera to immobilised F. hepatica homogenates, the results 
suggesting that pep 1 corresponded to the translated sequence in the correct 
reading frame. 
When immunoblots of F. hepatica homogenates were probed with antisera 
raised against the fusion protein, polypeptide species of divergent 
molecular weight hybridised. The hybridisation pattern was different 
between juvenile and adult fluke (see chapter 4). This diversity was not 
apparent in Northern blots of juvenile and adult RNA probed with the small 
fragment of the cDNA insert. The level of expression appeared to be 
slightly higher in the adult. However the method used for determining the 
amount of RNA present (measurement of absorbtion at 260 nm) took no account 
of the possibility of DNA contamination of the samples. If there was 
differential DNA contamination, it is possible that the differences in 
hybridisation intensity were due to different amounts of RNA being present. 
c^i.i Many reports exist of the generation of several related proteins from a 
single gene. Early et al (1980) described how programmed changes in the 
primary RNA ' transcript produced membrane bound, then secreted antibody 
molecules during lymphocyte development. The production of RNA molecules 
with different 3' terminii was caused by differential splicing induced by 
antigen stimulation. Amara et al (1981) reported a similar process in the 
production of different forms of calcitonin. Helfmann et al (1986) 
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demonstrated that the mammalian tropomyosin I gene undergoes alternative 
splicing, producing two isoforms with different carboxyterminii. These 
isoforms were found to be tissue specific. Hanke and Storti (1988) reported 
a similar situation with regard to tropomyosin II In Drosophila melanogaster 
with both tissue specific and developmentally regulated promoters acting to 
produce four different isoforms. 
The production of polypeptide isoforms by differential splicing 
necessitates the existence of correspondingly diverse mature messenger 
RNA's. In the Northern blot these different mRNA species were not apparent. 
It is possible that the sequence contained in the small fragment of the cDNA 
insert occurs In only one of several mature RNA species, being removed by 
splicing from the remainder. It would therefore be necessary to probe 
subsequent Northern blots using the large DNA fragment. 
The diversity of peptites that are reactive with sera raised against 
the fusion protein may arise from tissue specific cleavage of a single 
primary translation product. This problem could be further investigated by 
determining the number of polypeptide species produced by in vitro 
translation of F. hepatica RNA that are reactive with sera produced against 
the fusion protein. 
In the in situ hybridisation experiments described in section 5.4, 
minor reactivity in the tegumental cells of juvenile fluke was observed. As 
determttved by Immunofluorescence, the cloned antigen is present in the 
glycocalyx in abundance. The fact that glycocalyx antigens have a rapid 
turnover (Hanna 1980 (a), (b)) would suggest that the corresponding 
messenger RNA would have to be present at a relatively high level in the 
tegumental cells. In purely qualitative terms the Northern blot shown in 
figure 5.10 indicated that the message was highly expressed. Xu et al 
(1989) probed a similar amount (8 ug) of S. mansoni total RNA using a 
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S. mansonl tropomyosin probe labelled to approximately the same specific 
activity and obtained an apparently appreciably weaker hybridisation signal. 
When in situ hybridisation using the same detection system was carried out 
with a probe against an abundant message in S. mansoni (Koster et al 1988) 
very intense labelling was observed. The low level of hybridisation 
observed may have been caused by degredation of the nascent RNA probe. 
The region of the insert that was sequenced was found to code for a 
protein with a region of tandem repeats. The possible functional 
significance in terms of the parasite biology will be discussed in 
chapter 7. 
CHAPTER 6 
GENOMIC DNA LIBRARY CONSTRUCTION 
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6. GENOMIC DNA LIBRARY CONSTRUCTION 
Large average size genomic DNA was isolated from adult F. hepatica. 
This DNA was used to construct a library in the cosmid vector pHC79 as 
outlined in figure 6.1 (Collins and Hohn 1978). The library was screened 
using a probe corresponding to the region 5' to the initiation of 
transcription of an eggshell precursor gene of S. mansonl. 
Reactive recombinants were observed to contain a 6 kb EcoRl restriction 
fragment. This fragment hybridised in Southern blots to the S. mansoni 
probe. Restriction analysis showed the EcoRl 6 kb fragments from each of 
the positive recombinants to be identical. 
6.1 DNA EXTRACTION 
DNA was extracted from adult fluke as described in section 2.7.1. From 
1.54g of wet weight parasite 6mg of DNA was obtained representing a yield of 
3.9mg DNA per gram of F. hepatica. The method used to determine DNA 
concentration (absorption at 260 nm) did not distinguish between DNA and any 
residual RNA present in the preparation. The DNA concentration was 
qualitatively estimated by gel electrophoresis alongside a dilution series 
of DNA and found to be slightly lower (data not shown). Alternative 
methods of DNA extraction Isolate the DNA from RNA by CsCl gradient 
centrifugation (Simpson et al 1982) or remove RNA contamination 
enzymatically (Blin and Stafford 1976). 
Under agarose gel electrophoresis the isolated F. hepatica DNA migrated 
more slowly than intact DNA, indicating an average size of more than 50 kb. 
m 
Figure 6.1 
Strategy used to construct a F. hepatlca genomic DNA library 
in the vector pHC79 
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6.2 LIBRARY CONSTRUCTION 
The high molecular weight F. hepatica DNA was fragmented by partial 
cleavage with the restriction enzyme Sau3A. The desired fragment size for 
insertion into the cosmid pHC79 is approximately 40 kb. Sau3A recognises a 
tetranucleotide sequence (GATC) and thus would be expected to cut DNA once 
every 4 (256) base pairs. Partial digestion to give 40 kb fragments would 
produce a set of overlapping molecules that for most purposes could be 
considered random (Kaiser and Murray 1985). Preparation of libraries by 
complete digestion (Smithies et al 1978) has the disadvantage that the 
resulting fragments are small even if enzymes that recognise hexanucleotide 
sequences are used, thus necessitating the screening of a large number of 
recombinants. 
Sau3A acts to give DNA fragments which can be ligated into the unique 
BamHI site in pHC79. 
In order to determine the correct enzyme concentration necessary to 
produce fragments of 40 kb, restriction of DNA using a dilution series of 
the enzyme was carried out as described in section 2.7.2. Concentrations of 
Sau3A from 0.5 u to 0.003 u per g of F. hepatica DNA were used. Figure 6.2 
shows an agarose gel of the reactions. The maximum amount of DNA in the 
region 40 - 50 kb was produced by an enzyme concentration of 0.006 u g 
According to Seed et al (1982) it is actually the digestion more partial 
that is optimal for obtaining DNA in the desired size range. A scaled up 
reaction was performed using 0.003 u Sau3A per ug DNA. The reaction was 
resolved by agarose gel electrophoresis and DNA in the desired size range 
was excised from the gel before being recovered by electroelution (as 
described by Maniatis et al 1982 pp 164). 
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Figure 6.2 
0.3% (w/v) agarose gel 
lanes A, B, C - molecular weight markers 
lane L - uncut DNA 
lane 1 .003u Sau3A per ug F. hepatica DNA 
lane 2 .006u Sau3A per ug F. hepatica DNA 
etc. to lane 8 - 0.5u Sau3A per ug F. hepatica DNA 
DNA visualised by ethidium bromide staining 
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The isolated DNA was ligated to BamHI cut, dephosphorylated pHC79 using 
a molar ratio of approximately 1:1. 
Ligation reactions were added to ED8767 plating cells and plated out on 
LB ampicillin plates as described in section 2.7.6. Dilutions producing 
4 
approximately 1 x 10 colonies per plate were used. Replica filters were 
prepared from these plates as described by Little (1987). 
6.3 SCREENING OF LIBRARY 
The library was screened using a 490 base pair sequence from the 5' 
untranslated region of an eggshell precursor gene from S. mansoni (Kunz et 
al 1987, Koster et al 1988). The plasmid containing this sequence was 
provided by Dr. P. Symlnons, Institut fur Genetik, Universitat Dusseldorf, 
FRG. Figure 6.3 shows the position of the sequence in the S. mansoni 
eggshell precursor gene. 
The insert DNA was isolated by AccI digestion and radiolabelled as 
described in section 2.4.6., then used to probe the replica filters prepared 
above. Hybridisation was carried out in the presence of 10%(w/v) dextran 
sulphate. After hybridisation the filters were washed to a stringency of 
0.1 X SSC at room temperature. 
Difficulty was observed in identifying positive signals from background 
hybridisation. Colonies in the immediate vicinity of possible positive 
signals were picked, streaked out and rehybridised. Figure 6.4 shows the 
result obtained. Clones lA, 2A and 3B were considered reactive. 
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Figure 6.3 
Position of 490 bp fragment that was used to screen the 
F. hepatica genomic library in relation to the S. mansoni 
eggshell precursor gene 
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Figure 6.4 
Colonies in vicinity of putative positive signals streaked 
out and probed with 490 bp S. mansoni insert. lA, 2A and 3B 
identified as positive 
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6.4 CHARACTERISATION OF REACTIVE RECOMBINANTS 
Large scale plasmid DNA preparations were carried out on the three 
positive recombinants as described in section 2.4. The DNA isolated from 
the recombinants migrated above uncut DNA, indicating an insert size of 
approximately 50 kb. 
DNA obtained from the recombinants was completely digested using EcoRl. 
Figure 6.5 shows an agarose gel containing the digested DNA. Each of the 
three recombinants was observed to contain a 6 kb EcoRl restriction 
fragment. Figure 6.6 shows the same gel, Southern blotted and probed with 
the 490 base pair S. mansoni fragment that had been used to screen the 
library. Dextran sulphate was included in the hybridisation mixture to 
10%(w/v). Although non specific hybridisation is present, in terms of 
signal strength to amount of DNA, the 6 kb fragments appear to be more 
positively reactive than the others. 
The 6 kb fragments from the three positive recombinants were isolated 
from agarose gels as described in section 2.4.5. They were digested using* 
C* T Pv Pv A C 
Hindu, an enzyme recognising a restriction site of r i^ v T> T r which 
should theoretically cut DNA on average once every 1024 base pairs. The 
fragments isolated from each of the three recombinants gave the same 
restriction pattern of one band at approximately 2.5 kbm two of 
approximately 1.3 - 1.5 kb and one of approximately 1 kb (data not shown). 
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Figure 6.5 
1% agarose gel 
approximately 2 ug of DNA Isolated from positive 
recombinants Identified In figure 6.4 and digested with 
EcoRl 
lane 1 lA 
lane 2 2A 
lane 3 3B 
DNA visualised by ethidlum bromide staining 
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Figure 6.6 
Gel shown In figure 6.5 Southern blotted and probed with 
490 bp S. mansonl insert 
lane 1 lA 
lane 2 2A 
lane 3 3B 
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6.5 SUMMARY 
It was decided to screen a F. hepatlca genomic DNA library using a 
sequence from the 5' flanking region of an eggshell precursor gene of 
S. mansoni. This gene had been isolated from three schistosome species 
(S. mansoni, S. japonicum and S. haematobium). Among the different species 
there was considerable variation in the coding region while the region 5' to 
the initiation of transcription was highly conserved (pers. comm. Dr. P. 
Symmons). 
An eggshell precursor gene isolated from F. hepatica by Zurita et al 
(1989) showed no sequence homology to any published schistosome species. 
The 5' non coding region of this gene was not examined. 
It was estimated that three positively reactive clones were identified 
on screening 50,000 recombinants. However identification of positive clones 
proved difficult due to non specific hybridisation, therefore the actual 
figure might be higher. 
The formula derived by Clarke and Carbon (1976) allows the probability 
of obtaining a particular sequence on screening a defined genomic library to 
be determined. 
In (1 - F) 
Where P is the probability of finding the desired sequence, F is the 
fractional proportion of the genome in a single recombinant, and N is the 
number of recombinants it is necessary to screen. The value of F is 
calculated by dividing the average insert size by the estimated size of the 
genome. 
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The average inser t s ize was observed to be approximately 50 kb. The 
Q 
genome size of S. mansoni was estimated at 2.7 x 10 base pairs (Simpson et 
al 1982). Assuming a similar value for the genome size of F. hepatica, F 
can be calculated at 
• 5 X 10^ _4 
1.85 X 10 
2.7 X 10^ 
For a 99% probability of finding a sequence represented once in the 
genome, the number of recombinants"that would have to be screened is 
In (1 - 0.99) -6.91 
N = 
In (0.999) -2 X 10 ^  
= 34,550 
On screening the library with the S. mansoni derived sequence 
approximately one recombinant in 15,000 hybridised, suggesting that the 
sequence was represented more than once in the genome. However, as stated, 
the identification of positive hybridisation was difficult, and the 
stringency of hybridisation and washing conditions probably not high enough 
for this figure to be considered significant. 
CHAPTER 7 
DISCUSSION 
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The aim of this study was to utilize methodologies based on recombinant 
DNA technology in an attempt to help elucidate the biology of the digenean 
trematode Fasciola hepatica. Two strategies were used. A parasite derived 
cDNA library was constructed in the expression vector Xgtll. The library 
was screened using serum from an infected vertebrate host. This approach 
had previously been applied to the study of helminth parasites (Stein and 
David 1986, Dalton et al 1987) and provided the most productive aspect of 
this research. 
In an alternative approach, a F. hepatica genomic library was 
constructed in the cosmid vector pHC79. This library was screened using non 
expressed sequences associated with an eggshell precursor gene of 
Schistosoma mansoni (Koster et al 1988, Kunz et al 1987). Reactive 
recombinants were observed to contain a 6 kb EcoRl restriction fragment 
which in Southern blots hybridised to the S. mansoni probe. Digestion of 
these 6 kb fragments using Hindll showed them to be identical. In terms of 
future work, if hybridisation of the S. mansoni derived probe could be 
localized to one of the Hindll fragments, it would be possible to subclone 
this fragment for sequence analysis. This could provide insights into the 
control of egg production in F. hepatica. This work was in the nature of a 
feasibility study and will not be discussed further. 
Screening of the )igtll library using serum from an experimentally 
infected sheep led to the identification and isolation of a reactive 
recombinant. Characterization was carried out in terms of DNA sequence 
analysis, localization of expression and molecular weight of the cloned 
antigen as expressed in the parasite. It was determined that the antigen 
was present in the tegument of the juvenile fluke. In the adult expression 
was reduced in the tegument and was most evident in the uterus. Western 
blots were carried out on fluke homogenates using sera from mice immunised 
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with the cloned antigen. Polypeptide species of molecular weight 56 and 
39 kDa hybridised In homogenates from juvenile fluke and 78, 65, 55 and 
51 kDa In adult derived homogenates. The DNA sequence of part of the 
antigen was determined. It was found to contain a 21 base pair motif that 
was repeated four times, thus coding for a 7 amino acid repeat unit. 
Antigens containing a heptad based repeat amino acid sequence have been 
previously described In helminths. Schistosome myosin (Newport et al 1987), 
paramyosln (Lanar et al 1986) and tropomyosin (Xu et al 1989) all display 
this characteristic. These molecules exist In filamentous polypeptide 
chains, arranged as of. helices In dlmeric colled colls. The relationship 
between the amino acid sequence and higher order structure in molecules of 
this type has been described (Stone et al 1975, McLachan and Karn 1982). In 
the heptad repeat (a-b-c-d-e-f-g) positions 'a' and 'd' are almost always 
occupied by hydrophobic amino acid residues. Residues 'a' and 'd' of one 
molecule typically Interact with residues 'd' and 'a' of another leading to 
the formation of an antlparallel dlmer. 
If the semi conserved and conserved repeat region of the F. hepatlca 
antigen is arranged as a heptad unit (see fig. 7.1), it can be seen that in 
either possible reading frame positions 'a' and 'd' are not occupied by any 
non polar residues. It is unlikely that under physiological conditions 
intermolecular Interactions would occur homologous to those described above. 
The repeat units in myosin, paramyosln and tropomyosin exist more in 
terms of charge distribution than amino and sequence. In myosin this 
feature is strongly conserved among molecules from distantly related species 
while at the amino acid sequence level there is little homology (Lanar et al 
1986). There is also a low level of sequence homology between the heptad 
repeats in particular molecules suggesting that the pressure to preserve 
higher order structure is more important than primary level organisation. 
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Figure 7.1 
Conserved and semi conserved repeat region of antigen 
arranged as a heptomeric repeat. 
1. reading frame corresponding to pep 1 
2. reading frame corresponding to pep 2 
2. 
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In the region of the F. hepatlca antigen that was characterised, the 
repeat was largely conserved at the primary amino acid sequence level, 
suggesting that the primary selective pressure is not the maintenance of an 
ordered filamentous structure. 
However, only a small portion of the cloned antigen was sequenced and 
it is therefore perhaps premature to make a decision as to the overall 
structure of the molecule. Heptad repeats that are conserved at the amino 
acid sequence level have been described from the carboxyterminal region of 
two tropomyosin isoforms in Drosophila melanogaster (Hanke and Storti 1988) 
and in myosin from Acanthamoeba spp (Jung et al 1987). These molecules have 
amino terminal domains that form a filamentous quaternary structure. 
Two major classes of antigen that contain repeat amino acid sequences 
have been described from Plasmodium spp., the causative agents of malaria. 
There are the circumsporozoite (CS) antigen and the ring infected 
erythrocyte antigen (RESA) (Anders 1988). 
Sporozoites are introduced into the vertebrate host by infected female 
mosquitoes. They enter liver cells within minutes and subsequently undergo 
asexual reproduction. 
Antisporozoite Immune responses induced by a natural infection are 
essentially directed against a single sporozoite molecule, the CS antigen. 
The gene coding for this antigen has been isolated from many Plasmodium 
species allowing the molecule to be characterised in detail (Ellis et al 
1983, Dame et al 1984, Enea et al 1984, Arnot et al 1985, McCutchan et al 
1985, Lai et al 1987). Circumsporozoite antigens from all species were 
found to be composed to a large extent of an array of short amino acid 
repeats. The repeats were largely conserved within a particular CS 
molecule. The sequence of the repeat unit was found to differ between 
molecules from different species as did the size of the repeat unit. In 
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P. falciparum for example.the repeat sequence Is Asn, Ala, Asn, Pro while in 
P. yoelii it is Gin,'Gly, Pro, Gly, Ala, Pro. The number of repeats also 
varies between species ,,so that the overall length of the repeat region is 
relatively conserved at about 150 amino acid residues (Anders 1988). The 
repeats are the immunodominant region of the molecule (Ballou et al 1985, 
Zavala et al 1985). 5 ,. > 
One of the roles proposed for the circumsporozoite antigen is that it 
acts as a decoy protein, giving immune protection to the parasite during the 
time it takes to reach a target cell (Godison et al 1984). The structure of 
such molecules has been correlated with their possible function. The 
dominant epitope is repeated. It may therefore require several identical 
antibody molecules to neutralise the same protein molecule thus increasing 
the antibody burden. The protein is continuously shed. This removes 
neutralized molecules from the parasite surface and releases free molecules 
into the circulatory system which are seen by the Immune system as parasite 
targets (Godison et al 1984). 
When Incubated in immune serum sporozoites release a morphologically 
distinguishable outer layer (Vandenberg et al 1969). This shedding has been 
identified with the decoy reaction (Godison et al 1984). 
Another stage specific Plasmodium spp antigen, the ring Infected 
erythrocyte antigen (Perlmann et al 1984) also displays characteristics 
consistent with an immune decoy function. The molecule is expressed on the 
surface of infected red blood cells. It contains three sets of related 
sequence repeats and is shed from the erythrocyte surface (Coppel et al 
1984). 
The results presented have indicated that juvenile F. hepatica express 
a molecule containing a repeat amino acid sequence on their surface. 
Although in terms of phylogeny F. hepatica and the malaria parasites are 
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unrelated, the vertebrate Invasive stages of both utilize similar 
strategies. Both migrate to become established in sites where the cell 
mediated and humoral immune responses are unlikely to be fully effective. 
Sporozoites invade hepatocytes to replicate intracellularly. F. hepatica 
establish in the bile ducts where during the course of an infection specific 
antiparasite antibodies are at a level of 1/300 of those in the serum 
(Hughes et al 1981). 
Although it is tempting to relate these similarities to possible 
cofunctionality between surface expressed molecules in the two parasites, it 
should be noted that there is debate as to the role of the circumsporozoite 
antigen. Sporozoites that have shed their outer layer are normally rendered 
uninfective. (Nussenweig and Nussenweig 1984), arguing against an immune 
decoy function for this reaction. Antibody responses against the CS antigen 
are sufficient to block hepatocyte invasion (Nussenweig and Nussenweig 
1988). It has been proposed that the circumsporozoite antigen acts as a 
receptor for hepatocytes prior to cellular invasion (Nussenweig and 
Nussenweig 1988) a role that would have no equivalent in a helminth 
parasite. Fasciola hepatica do however display several of the 
characteristics described by Godison et al (1984) as being possible decoy 
strategies. When juvenile F. hepatica are incubated in immune serum a 
tail-like precipitate forms (Howell et al 1977, Howell and Sandeman 1979). 
During the migratory phase there is a rapid turnover of surface molecules 
(Hanna 1980 a, b). This turnover is greatly reduced when the fluke enter 
the bile duct, suggesting a role primarily involved with counteracting the 
effects of high levels of specific antibody. 
Decoy strategies are proposed as being an effective method of evasion 
when the invading organism is exposed to the hosts immune system for a 
relatively short period of time. Strategies such as immunosupression and 
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antigenic variation are considered long term solutions to the problem of 
evading the hosts response. In the major vertebrate hosts (cattle and 
sheep), F. hepatica migrate for weeks before reaching the bile ducts. In an 
experimental infection in cattle, fluke were found migrating through the 
liver parenchyma 29 weeks post infection (Hughes et al 1981). During this 
period the parasites are fully accessible to the immune system. If the 
rapid turnover of the tegument, including a molecule containing a repeat 
amino acid sequence, is a strategy aimed at complexing and removing host 
antibody, then it is unusual in its duration. Unlike the sporozoite,. 
F. hepatica is a complex multicellular organism that is potentially capable 
of maintaining the energy demands required for continuous tegument 
replacement. Entry into the bile ducts would be an essential step in 
maturation, allowing energy production to be diverted from tegument turnover 
to sexual development (Hughes et al 1981). 
Assuming a decoy role for the circumsporozoite antigen and for the 
F. hepatica tegument, does the cloned antigen share any characteristics with 
CS antigens that might allow it to be incriminated as the tegumental 
component involved in the decoy reaction? In terms of amino and sequence 
there Is no homology between the F. hepatica antigen repeat region and any 
published circumsporozoite repeat. However, as there is no evidence of 
homology between the repeat units in CS antigens isolated from different 
Plasmodium species, this suggests that the amino and sequence does not have 
a direct role in the function of the molecule. In addition to their 
containing a repeated sequence, there is another similarity between the 
circumsporozoite antigens and the F. hepatica antigen. In all the CS 
antigens that have been characterised, in the repeat region a limited 
repertoire of amino acids is used. These are Pro, Asn, Gin, Ala, Gly, Asp, 
Glu, with more rarely Arg and Val (Nussenweig and Nussenweig 1988). In the 
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repeat region of the F. hepatica antigen the amino acids used when both 
possible reading frames were examined were Pro, Gin, Asp, Glu, Arg and Thr. 
Despite their diverse sequences, secondary structure prediction programmes 
have shown that all CS repeat regions form reverse turns with a strong 
tendency to form helical conformations both in polar and non polar 
environments (Nussenweig and Nussenweig 1988, Gibson and Scheraga 1986). 
These programmes have not yet been applied to the study of the F. hepatica 
antigen repeat region. 
Repeat epitopes are efficient in generating an intense specific 
antibody response (Zavala et al 1983). The apparent paradox in terms of 
parasite survival of the evolution of surface molecules containing repeat 
sequences has been explained in terms of their function as decoy molecules 
(Godison et al 1984). An alternative explanation has been proposed by 
Howard, R. (1986). The high specific antibody response may act to prevent 
survival of subsequently invading parasites, preventing overinfection and 
host death. In malarial infections the initially invading sporozoites enter 
hepatocytes before the immune response created by their presence would 
become operative. Fasciola hepatica juveniles are exposed to the immune 
system for too long to avoid being attacked. If the original invading fluke 
are able to withstand this antibody response it is difficult to see how it 
would operate effectively to prevent overinfection. The ability of an 
infected host to resist a challenge infection is known as concomitant 
immunity. Cattle show at least partial concomitant immunity to F. hepatica 
Infection (Kendal 1967) while sheep do not (Smithers 1976). The results 
presented in chapter 4 indicate that both infected sheep and infected cattle 
display an antibody response against the cloned F. hepatica antigen. This 
suggests that resistance to challenge infections is not dependent on the 
presence of antibodies against this molecule. It is possible that the 
136 
differences in immunity between cattle and sheep might be explained by 
different responses against T-cell epitopes present on the molecule. 
Both Plasmodium spp. sporozoites and juvenile F. hepatica migrate to 
areas where specific antibody levels are low. While intracellular, the 
malaria parasite is still accessible to cell mediated immune mechanisms 
(Ferreira et al 1986). For cell mediated immunity to be maintained against 
a parasitic infection, it is necessary for the host to recognise T-cell 
epitopes of parasite derivation (Good et al 1986). An alternative 
explanation for the evolution of molecules containing repeat sequences is 
that such molecules possess a limited number of T-cell epitopes. Because of 
the genetically determined nature of epitope recognition only a limited 
number of individuals in the population will respond to a particular T-cell 
epitope (Benacerraf and Germain 1978). Parasites may enhance their survival 
in host species by limiting the number of T-cell epitopes contained within 
their surface expressed molecules (Sher 1988, Good et al 1987). Where amino 
acid sequence is not severely constrained by functional necessity this may 
be achieved by molecules containing repeat moieties. . 
The above is a summary of some of the possible functions that a 
tegument expressed molecule containing a repeat amino acid sequence might 
have in relation to the biology of F. hepatica. The preceding discussion 
has been based on the assumption that the DNA sequence corresponding to the 
repeats is contained within an exon. 
Synthetic peptides corresponding to the repeat moiety in both possible 
open reading frames were prepared (pep 1 and pep 2). The peptides were 
21 - mers corresponding to three copies of the repeat. The peptides were 
conjugated to KLH and used to immunise mice. Neither induced an immune 
response as determined by testing sera from the mice by IFA on F. hepatica 
sections (see chapter 5). 
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Similar experiments have been carried out using synthetic peptides 
based on the Asp Ala Asp Pro repeat from the circumsporozoite antigen of 
Plasmodium falciparum. When fused to a 32 amino acid sequence derived from 
the tetracycline resistance gene read out of frame, (Asp Ala Asp Pro) x 3 
produced an immune response in rabbits as assayed by IFA on sporozoite 
sections. (Asp Ala Asp Pro) x 2 in the same experiment did not produce a 
response (Zavala et al 1985, Ballou et al 1985). When fused to the out of 
frame tetracycline gene or to tetanus toxoid, (Asp Ala Asp Pro) x 3 produced 
antibody responses in humans that were overall very poor (Ballou et al 1987, 
Herrington et al 1987). These results would suggest that it is difficult to 
determine from the antibody response it engenders whether a synthetic 
oligo-peptide corresponds to part of an existing parasite antigen. The 
antigenicity of many epitopes arise from structural arrangements that are 
produced by interactions with flanking sequences and that would not be 
likely to occur in a short sequence homologue fused to a foreign protein. 
Both 21 - mer synthetic peptides were tested for their ability to 
inhibit binding of serum from a F. hepatlca infected sheep to immobilised 
fluke homogenate. In this assay the peptides were not tested for their 
ability to induce an immune response, but for whether they contained 
epitopes recognised by an infected vertebrate host. The results indicated 
that pep 1 inhibited binding to a greater extent that pep 2 suggesting that 
this peptide contained or corresponded to an epitope recognised in actual 
infections. 
The conserved repeat region of the P. falciparum circumsporozoite 
antigen consists of Asp Ala Asp Pro repeated 23 times. At the nucleotide 
level two of the four alanine codons, three of the four proline codons and 
both asparagine codons were used in an isolate examined by Dame et al 
(1984). When isolates from different geographical areas were examined it 
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was observed that while the amino acid sequence was completely conserved, 
there were a large number of silent nucleotide substitutions (Dame et al 
1984, del Portillo et al 1987, Lockyer and Schwartz 1987), This indicates 
that selective pressures act to maintain the amino acid sequence, the 
nucleotide sequence appears to be constrained only by the necessity to 
conserve the amino acid sequence. 
In the repeat region of the F. hepatica sequence, the 21 base pair 
entity occurs four times with no base substitutions, therefore not 
eliminating the possibility that the sequence has a function at the nucleic 
acid level. 
Repeat sequences that function at the nucleotide level have been 
described. Repeat DNA sequences are known to operate as cis-acting 
depressors for several genes involved in amino acid synthesis in yeast 
(Hinnebusch et al 1983). These sequences occur at various distances 5' to 
the coding regions of the genes. 
Tumor viruses contain enhancer sequences that interact with host 
specific molecules (Gruss et al 1981, Scholer and Gruss 1983). These repeat 
sequences are thought to act as super entry sites for cellular transcription' 
factors. The fact that in chimeric recombinants they can affect the 
transcriptional activity of foreign genes (Banergi et al 1981) supports the 
view that their activity is an intrinsic function of their structure. 
Mammalian genomes contain a complex array of highly repeated sequences. 
These include Alu repeats and short (SINE) and long (LINE) interspersed 
repeated segments (Singer 1982). 
All these diverse repeat sequences exist in non transcribed regions of 
the genome. The small EcoRI fragment of the F. hepatica sequence that 
consists almost entirely of the repeat region hybridised to Northern blots 
of F. hepatica RNA. This would suggest that it corresponds to a region of 
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the genome that Is transcribed into RNA. The library from which this 
sequence was isolated was constructed from mRNA derived cDNA. It 
theoretically therefore should contain only inserts that correspond to 
transcribed sequences. ••i.X^intif- • 
The tissue specificity of the cloned antigen during the development of 
the parasite was studied by IFA carried out on sections of juvenile and 
adult fluke (see chapter 4). Of the tissues examined it was observed that 
the most strongly reactive were the juvenile tegument and the adult uterine 
wall. Hanna et al (1988a) obtained a similar labelling pattern using the 
monoclonal antibody 3F3 but did not discuss its possible significance in 
terms o^ the parasite biology. 
Assuming the presence of a repeat amino acid sequence, the possible 
functions of the cloned antigen in the juvenile tegument have been 
discussed. Fluke in which the uterine wall was reactive were obtained from 
the bile ducts of infected animals. As previously stated specific antibody 
levels in the bile ducts are low (Hughes et al 1981), therefore those 
functions proposed for the antigen are unlikely to be of major importance at 
this stage. In the same sections the tegument showed little or no* 
reactivity. In some sections both the uterine wall and the developing egg 
in the lumen of the uterus displayed positive fluororescence. Clegg (1965) 
noted that secretions from Mehlis' gland occurred on both the egg and the 
uterine wall.. .j^ Mehlis' gland is believed to be involved in the laying down 
of a membrane, possibly outside the shell itself (Clegg 1965). It would be 
desirable to examine sections containing this organ. 
..-. Mature F. hepatica eggs are released into the upper intestine, passing 
to the external environment directly with the faeces (Smyth and Halton 
1983). In the intestine they are fully accessible to the host immune 
response, ^.jlf^ the^ ,^cloned,, antigen is present external to the eggshell, it 
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could have an immunoevasive role similar to those proposed for it in the 
juvenile tegument. For a shedding reaction to occur it would be necessary 
for the molecule to be continually replaced, not merely deposited on the egg 
surface during eggshell development. The nature of the trematode eggshell 
(Cordingley 1987) and the energy demands that would be placed on the egg 
make continual synthesis and replacement of the antigen unlikely. 
The presence of a common epitope/antigen on the egg surface and in the 
juvenile tegument may act to produce concomitant immunity, in which the 
infected host is able to resist subsequent challenges while the established 
parasites remain in situ. Extreme overinfection by helminth parasites 
generally* leads to death of the vertebrate host and subsequent parasite 
destruction. (An exception is the nematode Caprillaria hepatica which 
relies on host death for transmission (Singleton and McCallum 1990)). 
Studies on helminths have indicated that there are infection- density 
dependent constraints on parasite fecundity (Martin et al 1983, Medley and 
Anderson 1985) probably resulting from competition between parasites for 
limited resources (Anderson and Schad 1985). 
Concomitant immunity is believed to exist in Schistosoma spp infections 
in certain vertebrate hosts (Phillips and Colley 1978). Unlike adult liver 
fluke, adult schistosomes live in blood vessels and remain accessible to the 
host immune system. It has been proposed that the adults evade the immune 
response by disguising themselves with host derived material (Smithers et al 
1969). The undisguised invasive stages are normally eliminated by the host 
(McLaren 1989). Presumably enough parasite material is available to the 
host between challenges by natural parasite wastage to maintain the immune 
state. 
In F. hepatica infections a specific anti juvenile tegument response 
might be maintained by the presence of a shared antigen on the surface of 
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eggs released into the intestine. F. hepatica produce about 3000 eggs per 
day (Pantelouris 1965). This, combined with the relatively short exposure 
time and the durable nature of the eggshell, would ensure that, even if they 
expressed a highly immunogenic molecule on their surface, large numbers of 
eggs would survive passage to the outside world. 
Concomitant immunity to F. hepatica infection has been reported in 
cattle (Boray 1967, Doyle 1971) but not in sheep (Smithers 1976). Serum 
from both infected sheep and infected cattle recognised the cloned antigen 
(see chapter 4). Even a presensitized host would be unlikely to overcome 
the anti antibody binding response that it has been proposed operates in the 
juvenile •tegument. The antigen might engender a cell mediated response. 
Adult F. hepatica when transplanted into presensitized rats mount a 
tegumental sloughing reaction that is effective in removing eosinophils 
although parasite death eventually does occur (Bennett et al 1980) possibly 
due to the fact that the adult fluke was transplanted into an environment 
where it would be unlikely to be able to feed. In contrast adult shistosome 
are unable to remove attached eosinophils (McLaren et al 1978). 
Another problem with the above hypothesis is that under U-V radiation 
trematode eggshell components autofluoresce (Kelley and von Lichtenberg 
1970) making localization of genuine fluorescence in IFA experiments 
difficult. It would be necessary to precisely localize the reactive tissues 
by immunogold electron microscopy in which the above problem does not occur. 
The stated goal of much of parasitological research that involves the 
use of molecular biological techniques is the eventual production of a 
defined sub-unit vaccine. The potential advantages of vaccination over 
other methods of control were mentioned in the introduction and are 
certainly relevant to Fascioliasis. However the application of gene cloning 
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technology has not yet produced a commercially available anti-parasite 
vaccine. 
The most straightforward method of Isolating an Immunogenic parasite 
antigen is to construct a parasite-specific DNA library in an expression 
vector and to screen this library with an antibody probe varying in 
specificity from a monoclonal antibody to serum from an infected host. This 
was the strategy used in this study and it has been used to isolate antigens 
from a wide diversity of parasitic organisms (eg. Scallon et al 1987, 
Upcroft et al 1987, Hemmings and McManus 1988, Knapp et al 1989). As Sher 
(1988) has stated, the availability of the technology has led most research 
to concentrate on the isolation of parasite antigens that engender a host 
humoral response. The cloning of such antigens facilitates their production 
in relatively large amounts. It is hypothesised that the administration of 
such antigens might produce an antibody response significantly higher than 
that observed in natural infections and that this elevated response might be 
protective. 
There are several reasons why this approach might not prove effective. 
Antigens that are highly immunogenic in natural infections (and thus likely 
to be isolated by the above approach) are not likely to be the target of 
protective humoral responses. As the parasite allows the host to mount an 
immune response against them, such molecules are likely to be non-essential 
to parasite survival or the parasite may have evolved mechanisms that act to 
reduce the efficiency of immune responses directed against them. The 
shedding reaction proposed for the highly immunogenic tegument of 
F. hepatica may be an example of the latter. The utilization of immune 
responses occurring during an infection might not therefore be a logical 
method for isolating potentially protective antigens. 
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Vaccines that are based on the induction of various antibody responses 
have been shown to be effective against viral or bacterial pathogens 
(Zanetti et al 1987). It is generally accepted that against parasites cell 
medicated immunity is also required (James and Scott 1988). This type of 
immunity involves the presentation of processed antigen by accessory cells 
to thymus dependent (T) lymphocytes. T lymphocytes recognise foreign 
antigen in thp context of the major histocompatability products on the 
surface of antigen presenting cells. Antigen responsive T cells proliferate 
and produce lymphokines one of whose functions is to activate the cytotoxic 
capabilities of phagocytic cells recruited to the site of the infection. In 
terms fif vaccination against parasites cell mediated immunity has the 
advantage that there is not an obligatory dependance on surface associated 
antigens that are likely to be involved in immunoevasive mechanisms. Most 
parasite defence against cell mediated immunity is thought to be based on 
immunosuppression (Howard, J. 1986, Sher 1988). Invasive stages are 
therefore unlikely to have evolved specific defence mechanisms. 
The antibody screening method for antigen isolation is based on the 
ability of the target molecule to produce a humorar immune response in the 
host and takes no account of the presence or absence of T cell stimulating 
epitopes. In schistosomiasis it has been demonstrated that in vivo both 
macrophages and eosinophils play an important role in parasite destruction 
(Capron and Capron 1986, Butterworth and Hagan 1987). Both these cell types 
are largely dependent on T cell responses for their activation. Much less 
work has been carried out on mechanisms of F. hepatica destruction, although 
when adult fluke were transplanted intraperitoneally into sensitised rats, 
parasite destruction was observed to be mediated largely be eopsinophils 
(Bennett et al 1980). It is niave to assume that administration of an 
antigen isolated on the basis of its containing B cell epitopes is likely to 
produce protective immunity. Even if the antigen contains T cell epitopes, 
it is now realised that antigen presentation itself is a highly complex 
process (Kaye 1987). Many different accessory cell types are involved in 
antigen presentation, the role of this diversity in generating an immune 
response is not yet understood. It is now thought that it may be necessary 
to target antigens to specific accessory cell types, perhaps by using cell 
type specific monoclonal antibodies (Carayanniotis and Barber 1987). This 
importance of antigen presentation may help explain the dependence of 
protection on adjuvant type and route of vaccination that has been observed 
in many vaccine trials (Allison et al 1986, Zanetti et al 1987). 
In both humoral and cell-mediated immunity the complexity of the host 
response is beginning to be appreciated. In schistosome infections, for 
example, different antibody isotypes have been shown to have critical roles 
in parasite destruction (Capron and Capron 1986). In infected rats, 
antibody dependent cellular cytotoxicity involved in concomitant immunity is 
first mediated by IgG2A. Later in the infection this role is taken over by 
IgE (Capron et al 1982). As stated by Sher (1988), high antibody titres, a 
combination of isotypes not normally seen in natural infections and the 
induction of cell mediated immunity might all have to be invoked by an 
administered antigen if a host protective immune response is to be induced. 
The F. hepatica antigen isolated during this study was selected on the 
basis of its immunogenicity during an experimental infection in sheep. The 
fact that it is a component of the juvenile tegument would argue against it 
being the target of a protective humoral response. Hanna et al (1988 b) 
isolated an antigen by affinity column chromatography using a monoclonal 
antibody derived from mice immunised with F. hepatica cercariae. Notably it 
was found that all monoclonal antibodies produced from mice infected in this 
manner were tegument specific emphasizing the highly immunogenic nature of 
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the juvenile tegument (Hanna and Trudgett 1983). Isolated antigen was used 
to immunise both rats and mice. As assayed by IFA and ELISA studies both 
mounted a humoral response. When challenged with metacercariae neither rats 
nor mice were protected from protection compared to control groups of 
animals immunized with equivalent amounts of ovalbumin (Hanna et al 1988 b). 
The fact that the cloned antigen contains a repeat sequence would 
militate against it being an effective vaccine in terms of population 
protection. Molecules containing repeats have reduced epitopic diversity 
(see above). Due to Ir gene control only a limited number of individuals 
will respond to a particular T cell epitope (Benacerraf and Germain 1978). 
Good et al (1986) demonstrated that only mice expressing the I-A gene of 
the major histocompatability complex responded to a T cell epitope present 
in the repeat region of the Plasmodium falciparum circumsporozoite antigen. 
Whether the cloned antigen would engender cell-mediated immunity remains to 
be tested. However, for any immune response to be effective it is likely 
that it would have to operate during the early stages of the infection. 
Once F. hepatica are established in the bile ducts it is unlikely that they 
are accessible to cell mediated mechanisms of defence. However the length 
of the migratory period through the liver parenchyma would allow time for a 
cell-mediated response to develop. Cell-mediated immunity has been detected 
in cattle during experimental F. hepatica infections (Oldham and Williams 
1985). 
In summary, the major part of this study involved the Isolation and 
partial characterization of a Fasciola hepatica antigen. The molecule was 
observed to contain a 7 amino acid based repeat motif that was also 
conserved at the DNA sequence level. Expression of the antigen was 
localized to the juvenile tegument and adult female reproductive tract. 
Preliminary in situ hybridisation experiments identified the presence of 
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mRNA corresponding to the cloned antigen in the tegumental cells of juvenile 
F. hepatica. Serum raised against a fusion protein consisting of the 
antigen fused to B-galactosidase waS used to probe Western blots of adult 
and juvenile fluke homogenates. Reaictive proteins in these blots were seen 
to differ between the juvenile anc^  the adult. When part of the insert 
coding for the antigen was used as a probe in Northern blots of juvenile and 
adult RNA this diversity was not observed. 
In terms of future work, it would be necessary to complete DNA 
sequencing of the large EcoRl fraginent. As the original insert in Xgtll 
contains an internal EcoRl site orientation of the large and small fragments 
would have to be carried out by sequencing directly from the Xgtll clone. 
Primers exist for the regions immediately 5' and 3' to the EcoRl cloning 
site inAgtll. Using DNA amplification technology it would be possible to 
obtain enough DNA from these primers to allow direct sequencing. 
An exhaustive IFA study directed at identifying all the fluke tissues 
reactive with serum raised against t-he fusion protein is also required. It 
would be interesting to examine newly excysted F. hepatica to determine if 
the antigen was expressed on their surface. 
Further Northern blotting including sizing of the message coding for 
the antigen and the immunoprecipitation of in vitro translation products by 
anti fusion protein serum might helP explain the diversity of species that 
are reactive in Western blots. 
Techniques now exist for the identification of T cell epitopes on 
antigens (Townsend et al 1988). Recent work has shown that cloned cytotoxic 
T cells raised against a defined T cell epitope are protective agginst 
Plasmodium bergei infection in mice (Romero et al 1989). It would be 
possible to apply this technology to the isolated F. hepatica antig,en^ 
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The availability of essentially unlimited amounts of the cloned antigen 
would allow its ability to protect against F« hepatica infection to be 
tested even though the available evidence suggests that a host protective 
response is unlikely to occur. 
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